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In  the  year  1900  an  international  committee  on  atomic  weights 
was  organized,  composed  of  more  than  fifty  representatives  from 
chemical  and  other  societies.  Its  conferences  were  necessarily 
conducted  by  correspondence,  and  the  delays  and  difficulties  of 
the  work  proved  to  be  both  serious  and  annoying.  Accordingly, 
the  committee,  by  vote,  designated  a  smaller  body  of  three  repre- 
sentatives, and  the  latter  now  has  the  honor  to  report  its  recom- 
mendations. 

On  the  fundamental  question  of  standards,  definite  and  formal 
action  seems  to  be  impracticable.  By  the  original  committee  of 
the  German  Chemical  Society  the  oxygen  standard  was  adopted, 
but  that  proposal,  while  receiving  strong  support,  also  met  with 
serious  opposition.  In  fact,  opinion,  as  expressed  by  individual 
voices,  seems  to  be  somewhat  evenly  divided  upon  this  question, 
and  around  it  there  has  already  grown  up  a  controversial  litera- 
ture of  formidable  proportions.  To  force  the  adoption  of  either 
standard,  oxygen  or  hydrogen,  appears  therefore  to  be  impossible, 
and  for  some  time  to  come  both  are  likely  to  be  employed.  Be- 
tween them,  experience  must  be  the  final  arbiter.    That  standard 
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which  best  serves  to  coordinate  chemical  and  physical  knowledge 
will  ultimately  be  chosen,  and  the  other  will  gradually  fall  into 
disuse.  Meanwhile,  it  is  important  that  the  most  probable  values 
for  the  several  atomic  weights  should  be  indicated,  and  that  every 
table  of  them  should  be  consistent  within  itself.  Such  a  table  has 
been  prepared  by  our  distinguished  predecessors,  and  its  revision, 
as  knowledge  advances,  seems  to  be  our  proper  function. 

In  order  that  our  work  may  be  of  the  most  general  service,  we 
have  prepared  a  table  in  which  both  standards  of  atomic  weight 
are  represented.  In  most  of  its  details  it  is  identical  with  the 
table  which  was  reported  by  the  previous  committee  at  the  begin- 
ning of  the  year  1902.^  Some  changes,  hpwever,  have  in  our 
judgment  become  necessary,  and  these  may  be  briefly  indicated  as 
follows :  when  O  =  16. 

Antimony,  In  the  former  reports  of  the  Committee,  the  value 
derived  by  Cooke  from  analyses  of  the  bromide,  Sb  =:  i2o,  was 
adopted.  This,  however,  ignores  the  work  of  Cooke  and  of 
Schneider  upon  antimony  trisulphide,  and  the  still  more  recent 
determinations  made  by  Friend  and  Smith.  The  true  number 
being  therefore  in  doubt,  we  recommend  the  use  of  an  average 
value,  and  put  Sb  =  120.2. 

Germanium.  The  number  72.5  is  more  nearly  in  accord  with 
Winkler's  determinations  than  the  former  number  72. 

Hydrogen,  In  the  column  which  represents  the  oxygen  stand- 
ard, hydrogen  has  heretofore  been  assigned  the  value  i.oi.  The 
number  1.008  is,  however,  much  more  exact,  and  the  error  in  i.oi 
is  too  large  to  be  perpetuated.  Each  figure  should  be  given  to 
the  nearest  significant  decimal. 

Lanthanum,  During  1902  two  new  determinations  of  the 
atomic  weight  of  lanthanum  were  published.  According  to  Jones, 
La  =  138.77.  Brauner  and  Pavlicek  found  La  =  139.04.  Both 
investigations  were  conducted  with  great  skill  and  care,  and  each 
one  seems  to  have  some  points  of  advantage  over  the  other.  The 
average.  La  =  138.9,  appears  to  be  the  safest  value  to  adopt. 
These  data  naturally  influence  our  judgment  in  the  case  of  cerium, 
and  we  retain  the  Brauner  number,  Ce  =  140,  rather  than  adopt 
the  lower  estimates  made  by  other  observers. 

Mercury,     Taking  into  account  all  of  the  determinations  which 

1  In  No.  I  of  the  BerichU,  for  1902. 
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have  appeared,  and  giving  great  weight  to  the  most  recent 
measurements  by  Hardin,  we  regard  the  value  Hg  =  200  as  best 
warranted  by  the  existing  evidence. 

Palladium.  The  atomic  weight  of  this  metal  is  in  doubt.  The 
best  determinations  give  values  ranging  from  106  to  107.  The 
mean  between  them,  Pd  =  106.5,  has  been  provisionally  adopted. 

Radium.  This  element  appears  in  the  table  for  the  first  time. 
Madame  Curie's  determination  of  the  atomic  weight,  Rd  =  225, 
is  probably  not  far  from  the  truth. 

Selenium.  Judging  from  the  work  of  Lenher,  and  the  very 
recent  determinations  by  Meyer,  the  former  value,  Se  =  79.1,  is 
probably  too  low.  In  order  to  give  due  weight  to  the  newer 
measurements  we  write  Se  =  79.2. 

Tin.  The  determinations  by  Bongartz  and  Classen,  which  seem 
to  be  the  best,  make  Sn  =  119.  The  former  value,  118.5,  is 
almost  certainly  too  low. 

Uranium.  According  to  the  very  recent  investigation  by 
Richards  and  Merigold,  11  =  238.5. 

Zirconium.  The  figure  Zr  =  90.6  is  apparently  the  most 
probable. 

In  thus  assuming  the  duties  assigned  to  us  by  the  larger  Inter- 
national Commission,  we  act  upon  the  conviction  that  the  purpose 
of  our  appointment  is  to  secure  the  promptness  and  efficiency 
which  is  only  possible  with  a  comparatively  small  working  body. 
In  order  to  carry  out  this  purpose,  we  must  depend  upon  the 
cooperation  and  assistance  of  our  colleagues.  We  therefore  beg 
that  they,  and  all  other  chemists  who  are  interested  in  researches 
upon  atomic  weights,  will  aid  us  with  their  criticisms  and  advice. 
We  especially  ask  that  publications  upon  the  subject  shall  be  sent 
to  us,  in  triplicate  if  possible,  so  that  no  matter  of  importance  may 
be  overlooked.  Without  support  of  this  kind  our  work  cannot  be 
made  fully  effective. 

The  complete  table  of  atomic  weights,  with  the  foregoing 
changes  incorporated,  follows: 

F.  W.  Clarke, 
T.  E.  Thorpe, 
Karl  Seubert, 
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Aluminum Al 

Antimony Sb 

Argon A 

Arsenic As 

Barium Ba 

Bismuth Bi 

Boron B 

Bromine Br 

Cadmium Cd 

Caesium Cs 

Calcium Ca 

Carbon C 

Cerium Ce 

Chlorine CI 

Chromium Cr 

Cobalt Co 

Columbium  ••••  Cb 

Copper Cu 

Erbium Er 

Fluorine P 

Gadolinium  • .  •  •  Gd 

Gallium Ga 

Germanium  •  •  • .  Ge 

Gludnum Gl 

Gold An 

Helium He 

Hydrogen H 

Indium In 

Iodine I 

Iridium Ir 

Iron Pe 

Krypton Kr 

Lanthanum  •  •  •  •  La 

Lead Pb 

Lithium Li 

Magnesium  •  •  •  •  Mg 

Manganese  ••••  Mn 

Mercury Hg 

Molybdenum  ••'  Mo 

Neodymium  •••  Nd 

Neon  •  ........  Ne 

Nickel. Ni 

Nitrogen N 


0-16. 

H-i. 

27.1 

26.9 

120.2 

"9-3 

39-9 

39.6 

75.0 

74.4 

137.4 

136.4 

208.5 

206.9 

II. 

10.9 

7996 

79.36 

112.4 

111.6 

133. 

132. 

40.1 

39.8 

12.00 

11.91 

140. 

139. 

35.45 

35.18 

52.1 

51.7 

59.0 

58.56 

94. 

93.3 

63.6 

63.1 

166. 

164.8 

19. 

18.9 

156. 

155. 

70. 

69.5 

72.5 

71.9 

9.1 

9.03 

197.2 

195.7 

4. 

4. 

1.008 

1. 000 

114. 

1 13. 1 

126.85 

125.90 

193.0 

191.5 

55.9 

55.5 

81.8 

81.2 

138.9 

137.9 

206.9 

205.35 

7.03 

6.98 

24.36 

24.18 

55.0 

54.6 

200.0 

198.5 

96.0 

95.3 

143.6 

142.5 

20. 

19.9 

58.7 

58.3 

14.04 

13.93 
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Osmium    Os 

Oxygen O 

Palladium Pd 

Plioapliorua  •  •  •  •  P 

Platinum Pt 

Potassium K 

Praseodymium  •  Pr 

Radium Rd 

Rhodium Rh 

Rubidium Rb 

Ruthenium  ••••  Ru 

Samarium Sm 

Scandium Sc 

Selenium Se 

Silicon Si 

Silver Ag 

Sodium  .  • Na 

Strontium •  Sr 

Sulphur S 

Tantalum Ta 

Tellurium Te 

Terbium Tb 

Thallium Tl 

Thorium Th 

Thulium Tm 

Tin Sn 

Titanium Ti 

Tungsten W 

Uranium U 

Vanadium V 

Xenon Xe 

Ytterbium Yb 

Yttrium Yt 

Zinc Zn 

Zirconium Zr 


[contributioms  from  the  laboratory  op  thb  pennsylvania  state 
College  Agsjcultural  Experiment  Station.] 

viii.  sone  CUBAN  soils  of  cHenicAL  interest. 

By  Wk.  Fa.BAa  and  C.  P.  Bbmtlb. 

R«c«iv«d  October  zt.  i«m. 

Some  time  since,  the  writer  received  from  Mr.  Luis  Marx,  a 
Cuban  tobacco  grower,  samples  of  a  deep  red  soil  from  the 
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H-z. 

191. 

189.6 

16.00 

15.88 

106.5 

105.7 

31.0 

30.77 

194.8 

193.3 

39.15 

38.86 

140.5 

139.4 

225. 

223.3 

103.0 

102.2 

85.4 

84.8 

IOI.7 

100.9 

150. 

148.9 

44.1 

43.8 

79.i 

78.6 

28.4 

28.2 

107.93 

107. 12 

23.05 

22.88 

87.6 

86.94 

32.06 

31.83 

183. 

I81.6 

127.6 

126.6 

160. 

158.8 

204.1 

202.6 

233.5 

230.8 

171. 

169.7 

1 19.0 

1 18. 1 

48.1 

47.7 

184. 

182.6 

238.5 

236.7 

51.2 

50.8 

128. 

127. 

173.0 

171.7 

89.0 

88.3 

65.4 

64.9 

90.6 

89.9 
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plantations  San  Antonio  and  Zorilla,  in  the  municipality  of  Alqui- 
zar,  in  the  southwestern  part  of  the  province  of  Havana.  The 
results  of  the  physical  and  chemical  examination  of  these  soils 
made  by  Mr.  C.  P.  Beistle,  under  the  direction  of  the  writer,  ex- 
hibit some  peculiarities  worthy  of  notice. 

These  soils  were  described  as  nearly  virgin,  deep  and  only 
slightly  stony,  and  of  a  calcareous  clay  nature.  The  land  lies 
high,  is  level,  very  permeable  and  never  shows  excess  of  standing 
water.  The  land  is  highly  fertile,  producing  large  crops  of  fine- 
leafed,  elastic  tobacco,  numerous  grasses  and  palms. 

Dr.  C.  W.  Hayes,  of  the  United  States  Geological  Survey,  who 
recently  made  a  reconnoissance  of  Cuba,  states,  in  a  letter  to  the 
writer,  that  the  soils  of  the  southern  part  of  the  province  of 
Havana  have  a  deep  red  color,  and  lie  upon  a  horizontal  or  very 
gently  undulating  plain  of  subaerial  denudation.  No  true  coral 
reef  rock  has  been  noted  in  this  part  of  the  province,  the  larger 
part,  probably,  of  the  soil  of  this  district  being  derived  from  a 
soft,  friable  chalk  or  chalky  marl,  though  part  of  the  limestone  is 
a  hard  rock,  projecting  in  angular  points  and  weathered  into  a 
cavernous  surface.  The  geological  age  of  these  rocks  is  not 
definitely  ascertained ;  they  are  of  a  tertiary  formation,  probably 
corresponding  to  the  Oligocene  of  the  United  States. 

The  soils  considered  in  this  paper  have  received  no  manurial 
application.  The  "surface"  soils  represent  the  upper  twelve 
inches ;  the  depth  represented  by  the  "subsoils"  is  not  stated.  The 
samples  had  been  carefully  sifted  to  remove  coarse  particles^ 
before  shipment. 

SPECIFIC  GRAVITY. 

The  specific  gravity  was  determined  by  the  usual  pycnometric 
method,  with  results  as  follows : 

Specific  eravity, 

San  Antonio  :  xs.6«  c* 

Surface  soil 2.677 

Subsoil 2.681 

2^rina  : 

Surface  soil 2.714 

Subsoil ••  2.711 

The  large  amount  of  iron  present  is  sufficient  to  account  for 
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the  rather  high  specific  gravity.  That  there  is  little  difference 
between  the  so-called  surface  and  subsoils,  is  in  accord  with  the 
fact  that  they  are  of  similar  color. 

MECHANICAL  ANALYSIS. 

The  subsoils  were  subjected  to  mechanical  analysis  by  the 
Osborne  beaker  method,  a  tap-water  of  very  slight  alkalinity  being 
used. 

San  Antonio.      ZorilU. 
Per  cent        Per  cent. 

Gravel  (2-1  mm.) . •  •  • 

Coarse  sand  (1-0.5  mm.) i«33  10.78 

Medium  sand  (0.5-0.25  mm. ) 13.63  12.75 

Fine  sand  (0.25-0.1  mm.) )       ^.  ^ 

Very  fine  sand  (0.1-0.05  n>M« ) )  3*4 

Silt  (0.05-0.01  mm.) 17.79  13.69 

Fine  silt  (0.01-0.005  mm. ) 1 

Clay  (less  than 0.005 mm.) j     ^  ' 

Loss  upon  igrnition  (organic  matter,  combined 

water,  etc. ) • 19.45  19.22 

100.00         100.00 
About  five-eighths  of  the  water- free  soil  (residue  from  igni- 
tion) belongs  to  the  group  of  'sand/  while  the  'clay'  constitutes 
less,  probably,  than  one-eighth  of  the  whole. 

This  state  of  subdivision  should  produce  the  permeable  texture 
and  ready  drainage  said  to  mark  the  soils  in  place. 

While  these  figures  well  represent  the  present  condition  of  these 
soils,  the  use  of  a  deflocculating  agent  like  the  4  per  cent,  am- 
monia water  used  for  the  determination  of  'active  humus'  or 
matiire  noire  led  to  a  complete  breaking  down  of  the  'sandy* 
particles  into  the  finest  clay.  So  fine  were  these  particles  that  70 
per  cent,  or  upwards  of  the  mineral  matter  in  the  several  soils 
passed  through  double  parchment  filters  and  a  clear  filtrate  was 
obtained  only  by  use  of  a  Pasteur  filter.  The  apparently  sandy  or 
loamy  condition  of  these  soils  at  the  present  time  is  doubtless 
attributable  to  the  fiocculant  action  of  the  carbonates  of  lime  and 
magnesia  present. 

CHEMICAL  ANALYSIS. 

The  soils  were  analyzed  by  the  methods  of  the  Association  of 
Official  Agricultural  Chemists,  the  acid  solution  being,  however, 


8  WM.  FREAR  AND  C.  P.  BEISTLE. 

subjected  to  a  greater  number  of  evaporations  and  re-extractions  to 
assure  the  complete  removal  of  silica  therefrom.  The  means  of 
closely  concordant,  duplicate  determinations  are  given  in  the  fol- 
lowing table: 

Chbmicai.  Analyses  op  Cuban  Soils. 

San  San  Zo-  Zo- 

Antonio.  Antonio,     rilla.         rilla. 
Surface.    Subaoil.  Surface.    SubsoiL 
Percent.  Percent.  Percent.  Percent. 

Moisture  (loss  at  loo®  C.  in  water-oven) ....     1.42        2.58  0.57  0.81 

(Composition  of  water-free  soils.) 

Acid  insoluble  (not  decomposed) 7.420  i5.9«o  i5-930  13.050 

Soluble  silica  (dissolved  by  NajCOj  solution)  27.080  19.820  17.450  19.690 

Potash.. 0.190      o.iio  0.165  0155 

Soda 0.140      0.135  0.220  0.210 

Lime..... 0.270     0.370  0.350  0.370 

Magnesia 0.190      0.140      0.210  0.13a 

Mangano-manganic  oxide o.  1 1 8      0.086      0.070  0.081 

Ferric  oxide 16.630  15.750  17.150  17.490 

Alumina 27.860  29.350  28.255  29.270 

Phosphoric  acid o.S55      0.470  0.475  0.440 

Sulphuric  acid ^-o^S      0.1165      0.060  0.030 

Carbonic  acid 0.555      o.3»5      0275  0.305 

Chlorine trace      trace  trace  0.000 

Loss  on  ignition,  corrected  for  COj  expelled  18.912  16.808  19.566  18.930 

99-955    99329  100.176  100. 151 

Phosphoric  acid  soluble  in  citric  acid  ( i  per 

cent) 0.0087    0.0065    0.0060    0.0055 

Potash  soluble  in  citric  acid  ( I  per  cent. ). .    0.0098    0.0104    0.0125    0.0094. 

Nitrogen 0.255      o-i45      0230      0.165 

Organic  carbon 2.502      1.349      2.802      2.091 

Organic  matter  corresponding  (CX  1.724)-    4.313      2.326      4.831      3.605 
Water  of  combination : 

(a)  Loss  on  ignition  (corrected),  less  hy- 
groscopic moisture  and  organic 

matter 14-599    U.482     14-735    15-325 

{b)  Total  water  obtained  by  combustion, 
less  hygroscopic  moisture  and 
water  derived  from  organic  mat- 
ter (assumed  to  contain  5  per  cent, 
of  hydrogen) 15.249    15.331     14.484    13.725 

Organic  matter  was  determined  by  the  method  described  by 
Van  Bemmelen,^  except  that  the  hygroscopic  moisture  was  de- 

1  Landw.  VertuchsSta.,  37,  379. 
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termined  by  the  official  method,  instead  of  by  drying  in  vacuo  over 
sulphuric  acid,  as  Van  Bemmelen  prefers. 

The  surface  soils  are  distinctly  richer  in  organic  matter  than  the 
subsoils.  There  are  not  a  very  large  niunber  of  recent  analyses 
by  this  method  on  record  for  comparison.  Van  Bemmelen*  found 
2.65  to  5.07  per  cent,  in  certain  clay  soils  of  Java  and  Sumatra. 
Warington  and  Peake^  found  as  much  as  6.12  per  cent,  in  an  old 
pasture  and  as  little  as  0.65  per  cent,  in  a  clay  subsoil.  £.  H. 
Hess,'  working  under  direction  of  the  writer,  found  in  the  lime- 
stone clay  lands  of  the  Pennsylvania  Experiment  Station,  from 
2.53  to  3.09  per  cent,  according  to  their  manurial  treatment. 
These  few  data  warrant  the  opinion,  however,  that  these  virgin 
Cuban  soils  contain  rather  more  humus  than  the  more  worn  clay 
lands  of  the  humid  region  contain. 

Owing  to  the  impossibility  of  eliminating  the  water  of  combi- 
nation of  the  large  amount  of  mineral  matter  associated  with  the 
active  humus  in  its  ammoniacal  solution,  the  separate  determina- 
tion of  this  part  of  the  organic  substance  was  given  up. 

The  soils  contain  very  little  sulphur  and  chlorine  and  probably 
little  ferrous  iron.  It  may  therefore  be  assumed  that  the  loss 
upon  ignition  of  the  "water-free"  soil  represents  quite  accurately 
the  result  of  destruction  of  the  organic  matter  and  the  expulsion 
of  water  combined  with  the  organic  materials  and  the  hydrous 
minerals.  The  combined  water  has  been  estimated  by  direct 
subtraction  of  the  computed  organic  matter  from  the  total  loss 
upon  ignition.  A  check  computation  has  been  made,  based  upon 
the  total  moisture  obtained  upon  combustion,  corrected  for  hygro- 
scopic moisture;  from  this  total,  there  was  subtracted  the  water 
corresponding  to  the  hydrogen  of  the  organic  matter,  which  was 
assumed,  afttr  Van  Bemmelen,*  to  contain  5  per  cent,  of  this 
element.  The  results  by  the  two  methods  differ  beyond  the 
limits  of  analytical  error,  thus  failing  to  exhibit  the  surprising 
agreement  that  Van  Bemmelen  obtained  in  a  variety  of  soils  upon 
application  of  these  methods. 

The  foregoing  data  are  of  especial  interest  in  considering  these 
soils  as  the  products  of  certain  geological  processes.    From  this 

>  L0£.  cti. 

*  cited  by  Wiley,  "  Principles  and  Practice  of  Agricultaral  Analysis,"  Vol.  I,  p.  373. 

•  Proc.  See.  Prom.  Ajrr.  Science,  1900. 
«  Loc.  cit. 
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point  of  view  the  extensive  decomposition  effected  by  the  action  of 
hot  hydrochloric  acid  is  especially  significant.  It  is  emphasized 
by  the  following  tabular  statement: 


San  Aatonio. 

ZorilU. 

Undecomposed  min- 
eral matter,  insol- 
uble  in  HCl   and 

Surface. 
Percent 

SutMOil. 

Per  cent. 

Surface.             SuteoU. 

Na,CO,  solution... 
Decomposed  mineral 
matter: 

7.420 

15.910 

15.930                13.050 

Gelatinous  silica . . 
Dissolved  in  HCL 
Carbon  dioxide... 
Water  of  combina- 

O-Sv^ 

19.820 

46.476 

0.315 

17.450                19.690 

46.955               48.176 

0.275                 0.305 

tion  {a) 

Organic  matter 

88.222 

4.3^3 

14.482 

81.093 

2.326 

14.735                15.325^        ^ 

79.415   83.496 

4.831                  3.605 

99.955  99.329  100.176         100^.151 

The  high  solubility  observed,  is  clearly  not  due,  as  in  highly 
calcareous  soils,  to  the  presence  of  large  quantities  of  calcite, 
magnesite  or  gypsum.  It  appears  to  be  partially  explained  by  the 
large  amounts  of  iron  oxide^  and  possibly,  by  those  of  alumina 
present;  closer  consideration  of  the  facts  compels  the  rejection  of 
this  explanation;  for  the  iron  oxide  and  alumina  constitute  only 
about  36  and  60  per  cent,  respectively  of  the  acid-soluble  material, 
while  Hilgard*  found  that  they  constitute  about  42  and  52  per 
cent,  respectively  of  the  average  acid-soluble  material  in  466  soils, 
chiefly  of  the  Gulf  States  in  which  the  tertiary  formation  occurs. 

Nor  can  the  extensive  decomposition  be  attributed  to  solvent 
action  upon  such  anhydrous  silicates  as  chrysolite,  leucite,  labra- 
dorite,  epidote,  phlogopite  or  biotite,  which  are  capable  of  com- 
plete or  quite  extensive  decomposition  by  the  hot  acid  employed ; 
the  quantities  of  alkalies  and  magnesia  dissolved,  are  too  small  to 
account  for  any  large  percentage  of  such"  minerals. 

One  indicative  feature  of  these  soils  is  the  large  proportion  of 
soluble  silica  they  yield  upon  decomposition,  ranging  from  17.45 
to  27.08  per  cent.    The  limestone  clay  of  Lancaster  County  has 

1  Cy.  Grouven,  Soils  of  BenkendoHT,  Pterau  and  Tilladm,  Jahrb,  Agr^  Cktm.,  lo,  35, 
*  Bulletin  3,  U.  S.  Weather  Bureau,  Division  of  Soil8>  p.  30. 
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been  found  to  yield  but  11.82  per  cent;*  Maxwell,*  analyzing  a 
composite  sample  representing  twenty  soils  from  the  Northern 
United  States,  chiefly  of  the  humid  region,  obtained  only  7.284 
per  cent.;  Hilgard*  found,  in  119  soils  from  Tennessee,  Missis- 
sippi, Louisiana,  Indian  Teritory,  and  Texas,  an  average  of  7.53 
per  cent.,  the  accompanying  insoluble  matter  being  74.74  per  cent. 
Among  the  latter  soils,  however,  thirteen  show  percentages  of 
soluble  silica  ranging  from  15.41  to  23.45  per  cent.,  with  accom- 
panying insoluble  matter,  ranging  from  34.8  to  53.19  per  cent. 
The  soluble  silica  in  the  Cuban  soils  is  remarkable  therefore  for 
its  large  proportion  to  the  entire  soil,  but  not  for  exceptional 
quantity  relative  to  the  material  decomposed  by  acid. 

The  large  amount  of  water  of  hydration  together  with  the  ready 
decomposition  of  the  soil  under  influence  of  hot  add,  point  to 
extensive  weathering  as  the  condition  that  has  influenced  the 
nature  of  the  soil  materials. 

The  results  here  observed  may  be  due  either  to  the  slight  re- 
sistance the  original  rock  offered  to  weathering,  to  long  exposure 
of  more  resistant  rock,  or  to  the  separation  of  highly  weathered 
material  from  that  which  has  been  less  decomposed  and  its 
accumulation  in  the  chalk  beds  from  which  these  soils  are  de- 
rived.* 

As  instances  of  the  first-class,  the  weathering  of  certain  lavas 
may  be  cited.  Maxwell'  has  found  dark  red,  lava  soils  of  Hawaii 
composed  of  readily  decomposable  hydrous  silicates  and  iron 
oxide,  the  average  of  120  analyses  showing  only  21.034  per  cent, 
of  resistant  mineral  matter,  16.168  per  cent,  of  soluble  silica, 
17.499  per  cent,  loss  upon  ignition  due  chiefly  to  water  of  hy- 
dration, and  22.942  and  16.831  per  cent,  respectively  of  iron  oxide 
and  alumina  soluble  in  acid.  Hiola*  and  King^  have  reported 
analyses  of  tufa  subsoils  from  Kumaba  and  Shimosa, 
Japan,  that  are  marked  by  great  loss  upon  ignition,  high  soluble 

>  Report  PennsylyanU  Experiment  Station,  1894,  p.  160. 
s  "  lA^m  and  Solli  of  the  Hawaiian  Islands,"  (1898).  p.  loi. 

*  X.  Census,  Vol.  V. 

*  The  tendency  of  lime  to  aid  in  forming  xeolitic  minerals  from  more  resistant  mate- 
rials, can  not  be  accepted  in  explanation  of  the  observed  ease  of  decompoaition  in  these 
soils,  because  limestone  clays  in  general  are  far  more  resistant  to  the  action  of  acids. 

*  **Lavas  and  Soils  of  the  Hawaiian  Islands.*'  (1898),  p.  97. 

*  MiUM.  deuluh.  Get.  Naturw.  Voikerkunde  Ostaneria^  1881  xjahbv,  Agr.  Chem^  J4, 

'  Jakbr,  Agr.  Chem,^  34,  32. 
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silica  and  very  low  acid-resistant  substance,  though  in  these  soils, 
the  alumina  greatly  exceeds  the  iron  oxide.  Not  all  volcanic  soils 
show  these  characters,  those  of  Sumatra  and  Java^  being  quite 
different. 

The  second  hypothesis  requires  the  parent  rock  to  have  been 
highly  homogeneous  and  to  have  weathered  under  conditions  that 
protect  the  weathered  products  from  mechanical  separation.  The 
range  in  state  of  weathering  exhibited  by  the  several  mineral 
materials  of  most  sedimentary  soils,  raises  grave  doubt  as  to  the 
occurrence  anywhere  of  conditions  that  would  permit  the  removal 
of  calcareous  materials,  such  as  these  soils  have  experienced,  with- 
out the  removal,  at  the  same  time,  of  the  finer,  more  highly 
weathered  siliceous  materials  from  those  less  weathered. 

On  the  other  hand,  very  fine  silt  and  clay  representing  the  most 
highly  weathered  portions  of  rocks  and  soils  separated  mechanically 
from  the  coarser  materials,  show  marked  similarity  in  composition 
to  these  Cuban  soils.  Merrill'  found  the  silts  from  decomposed 
granite,  gneiss  and  diabase  to  be  marked  by  high  water  of  comU- 
nation  (8-14  per  cent.),  and  of  gelatinous  silica  (12-23  P^^  cent), 
with  a  resistant  residue  ranging  from  59  per  cent,  in  the  case  of 
granite  to  16  per  cent,  in  that  of  diabase ;  the  acid-soluble  alumina 
ranged  from  9.2  to  24.9  per  cent,  and  in  each  instance  exceeded 
the  iron  oxide.  Loughridge*  found,  in  the  21.64  pcr  cent,  of  clay 
separated  by  mechanical  analysis  from  a  certain  soil,  conditions 
very  different  from  those  in  the  entire  soil : 

Clay.  Entire  soil. 

Percent.  Percent. 

Loss  Upon  ignition 9.00  3. 14 

Acid-resistant  mineral  matter 15-96  70.53 

Gelatinous  silica 33>  10  12.30 

Acid-soluble  material 5S.06  14.66 

100.14  100.63 

It  would  seem  from  these  data  last  cited,  that  very  fine  silt  car- 
ried far  out  into  the  gulf  and  deposited  where  the  foraminiferous 
skeletons  that  form  the  chalk  were  accumulating,  would  give  rise 
to  a  soil  of  the  properties  noted  in  these  Cuban  soils. 

1  Van  Bemmelen,  Op.  cU.^  357  and  393. 

*  **  Rocks  and  Rock- Weathering,  and  Soils,*'  (18^),  pp.  aia-aao. 

•  Proceedings  A.  A.  A.  S.,  aa,  8x ;  Wiley  :  "  Principles  and  Practice  of  Agricultural 
Analysis,"  Vol.  I,  p.  247. 
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These  red  soils  are  not  of  purely  local  occurrence.  A.  E. 
Woods^  notes  the  prevalence  in  Bermuda  of  peculiarly  deep  red 
soils,  whose  color  changes  upon  long  cultivation.  Earle*  reports 
a  partial  analysis  of  a  Cuban  soil,  of  locality  not  stated,  which 
exhibits  high  water  of  combination,  low  magnesia  and  alkalies, 
low  acid-insoluble  material  (including  gelatinous  silica)  but  high 
calcium  carbonate — a  soil  resembling  those  above  reported  except 
that  it  still  retains  much  of  the  associated  calcareous  material. 
Watts'  reports  a  red,  limestone  clay,  tobacco  soil  from  Mocho, 
Clarendon,  Jamaica,  that  contains  only  0.50  per  cent,  calcium 
carbonate,  only  19  per  cent,  of  acid-insoluble  matter,  including 
gelatinous  silica,  but  which  has  46  per  cent,  of  iron  and  aluminum 
oxides  and  a  large  percentage  of  combined  water. 

While  these  soils  may  come  under  the  Russian  soil  survey 
classification  of  laterites,^  and  like  the  true  laterites  of  India 
possess  deep  red  color,  their  large  humus  content  differentiates 
them  from  the  latter,  from  which  they  differ  also  in  other  re- 
spects." 

The  peculiar  violet-red  color  of  these  soils  may  be  due  to  the 
dehydrating  effect  of  salt  water  which  W.  Spring*  and  F.  Katzer^ 
have  observed  in  case  of  uncombined  ferric  oxyhydrate  deposited 
in  delta-formations  and  upon  sea-bottoms.  Dr.  Hayes,  in  the 
letter  earlier  mentioned,  notes,  however,  that  much  of  the  soil 
apparently  derived  from  the  same  formation  in  more  easterly 
parts  of  Cuba,  has  a  gray  instead  of  red  color.  This  difference 
may  possibly  be  due  to  changes  upon  exposure  of  the  virgin  soil, 
such  as  Woods  mentions  as  occurring  in  Bermuda. 

Hie  writer  has  found  no  record  of  any  analysis  of  a  soil  of  the 
Oligocene  portion  of  the  tertiary  formation  in  the  United  States. 
Analyses  of  a  few  Eocene  soils  from  the  central  prairie  region  of 
Mississippi  reported  by  Hilgard*  exhibit  a  very  different  compo- 
sition. 

>  SeuMce^  June,  1902. 

s  PloridA  Experiment  SUtion,  Bulletin  No.  19,  p.  zi. 

*  Journal  Jamaica  Agricultural  Society,  (1899),  pp.  17-23 ;  Experiment  Station  Record, 
Ho.  10,  pp.  933-934- 

«  Cf,  N.  Sibixtzew,  Mem,  pre*,  au.  Congrea  geol.  Intemat.,  St.  Petenbnrg,  1897 ; 
/akrb.  Agr.  CJUm.,  4a.  66. 

*  Cf,  J.  W.  I^eather :  Agr.  I«edger,  (1898),  No.  2,  p.  83 ;  Experiment  Station  Record,  lo, 

•  N.Jahrh,  Min.^  (1889),  i,  47 ;  Jahrb.  Agr.  Ckem,^  4a,  49-50. 
T  Petcrmann's  gcog.  Mitth.,  1897 ;  Jahrb.  Agr.  Chem.^  4a,  51. 

•  X  Oenana,  Vol.  V,  p.  284. 
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MINERAL  CHARACTER. 

Attempts  at  separation  into  groups  of  minerals  of  different 
specific  gravity  by  the  use  of  Thoulet's  solutions  of  3.09  and  2.7 
sp.  gr.,  and  at  identification  of  the  minerals  present  by  micro- 
scopic means,  were  rendered  abortive  by  reason  of  the  flocculation 
of  the  fine  particles  and  their  deep  coloration  by  iron.  The  use  of 
hydrochloric  acid  to  remove  the  iron  was  not  attempted  because 
of  the  readiness  with  which  the  silicates  present,  are  decomposed. 
The  separate  groups  obtained  by  mechanical  analysis  each  con- 
tained from  57  to  60  per  cent,  of  iron  and  aluminum  oxides,  so 
homogeneous  were  the  flocculation  aggregates. 

The  proportions  of  the  several  chemical  constituents  present 
throw  a  little  light  upon  the  possibilities  of  combination.  The 
low  solubility  of  the  potash  and  phosphoric  acid  in  i  per  cent, 
citric  acid  indicates  that  the  former  is  chiefly  combined  with  silica 
and  the  latter  with  iron  oxide  or  alumina ;  its  quantity  corresponds 
to  1. 16  to  1.45  per  cent,  of  ferric  orthophosphate.  The  carbonic  acid 
is  sufiicient  in  most  cases  to  combine  with  nearly  all  of  the  alka- 
line earths,  and,  in  case  of  the  San  Antonio  surface  soil,  also  with 
most  of  the  alkalies;  the  existence  of  a  little  ferrous  carbonate 
seems  probable ;  in  like  manner,  the  humus  is  probably  sufiicient 
to  combine  with  most  of  the  alkaline  and  earthy  bases,  so  that 
the  carbonic  and  humus  acids  must  exist  in  partial  combination 
with  the  iron ;  owing  to  the  low  combining  power  of  the  humus, 
it  would  not  tie  up  any  large  proportion  of  the  latter  element. 

No  analytical  data  were  obtained  to  establish  the  degree  of 
oxidation  of  the  iron  present,  but  the  deep  red  color  points  to  a 
highly  oxidized  condition.  »  No  iron-containing  silicates  remain  in 
the  acid-resistant  material,  which  is  colorless. 

Concerning  the  nature  of  the  siliceous  compounds  present :  No 
large  part  of  the  gelatinous  silica  can  be  derived  from  zeolitic 
combination,  as  the  small  quantities  of  alkalies  and  lime,  and  the 
very  slight  loss  of  water  that  occurs  when  the  air-dried  soil  is 
heated  at  a  temperature  of  100**  C.  show.^  Assuming  that  such 
zeolites  are  present  as  natrolite  or  philUpite,  which  require  a  mini- 
mum of  lime,  they  could  not  make  up  more  than  4.5  per  cent,  of 
the  dry  soil  nor  yield  more  than  0.70  per  cent,  of  gelatinous  silica. 

1  Cf.  HUlebrand :  Bulletin  No.  176,  U.  S.  Gcol.  Surrey,  p.  36. 
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Assuming  that  the  iron  is  present  as  ferric  oxide  chiefly,  the 
small  quantities  of  gelatinous  silica  and  alumina  required  for 
zeolitic  combination  may  be  disregarded  and  their  ratios  be 
directly  considered  to  ascertain  what  evidence  they  offer  as  to 
their  compounds  present.  The  silica^alumina  ratios  in  these 
soils  range  from  1.029  to  1.636,  chiefly  approximating  the  latter 
figure.  The  average  ratio  for  the  1 19  southern  soils  analyzed  by 
Hilgard^  is  1:0.71;  those  for  the  common  aluminous  minerals 
decomposable  by  hydrochloric  add  with  a  liberation  of  gelatinous 
silica,  range  from  i  :o.42  to  i  :o.85 ;  allophane  and  chloritoid 
(ratios  1:1.71  and  1:146  respectively)  are  the  most  prominent 
exceptions,  but  its  dark  color  and  low  hydration  exclude  the  latter 
from  playing  any  important  part,  while  allophane  has  a  too  low 
specific  gravity  and  too  high  hydration.  Upon  any  of  the  hy- 
potheses as  to  the  combination  of  the  bases  other  than  alumina, 
the  average  specific  gravity  of  these  remaining  minerals  must  lie 
between  2.2  and  2.5  and  the  water  of  hydration  between  14.6  and 
17.0  per  cent. 

Hilgard*  found,  in  the  Eocene  soil  of  Mississippi  earlier  cited,  a 
ratio  of  i  :i.34,  approaching  that  of  these  Cuban  soils,  and  noted 
in  many  southern  clays  an  excess  of  alumina.  He  suggests  the 
presence  of  gibbsite,  a  hydrated  alumina,  as  a  means  of  explaining 
both  the  composition  and  the  cultural  peculiarities  of  these  lands. 
Assuming  the  presence  of  a  decomposable  aluminum  silicate  with 
a  silica-alumina  ratio  and  hydration  like  those  of  kaolinite,  ap- 
proximately one-half  of  the  alumina  of  the  Zorilla  surface  soil 
would  be  left  to  be  accounted  for;  but  the  great  hydration  of 
gibbsite  (34.5  per  cent.)  excludes  it  from  acceptance  as  the  source 
of  the  alumina. 

Schloesing*  has  employed  a  dilute  solution  of  sodium  hydroxide 
in  recent  studies  upon  the  condition  of  alumina  in  French  and 
Madagascar  soils;  kaolin  and  fatty  clay  gave  up  to  this  solvent 
an  excess  of  silica  over  alumina  and  continued  to  do  so  upon 
repeated  treatment ;  on  the  other  hand,  a  certain  ochreous  typt  of 
Madagascar  soils  yielded  irom  i  to  2  per  cent,  of  silica  and  8  to 
nearly  12  per  cent,  of  alumina  in  the  first  treatment,  but  an  excess 

1  op.  cit.  supra, 

s  X.  Censiu,  Vol.  V,  pp.  67  and  284. 

•  Compt,  R€Hd,y  139,  iao3 ;  Bud.  Centrbl.^  30,  7>3-730. 
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of  silica  on  repeated  treatment;  this  he  regards  as  indicating  the 
presence  of  free  alumina  which  is  dissolved  at  once  by  the  alkali. 
That  soil  was  gravelly,  however,  and  much  of  the  alumina  was 
extracted  from  the  coarser  materials  separated  by  mechanical 
analysis ;  the  land  was  fertile^  Owing  to  lack  of  material,  it  has 
been  impossible  to  apply  this  treatment  to  the  Cuban  soils ;  many 
other  interesting  observations  have  been  omitted  for  the  same 
reason.  It  is  hoped  that  the  peculiarities  of  these  widely  extended 
West  Indian  soils  here  reported,  may  lead  others  to  more  thor- 
oughly study  them. 

A  few  words  respecting  the  fertility  of  these  Cuban  soils :  Their 
present  content  of  calcium  and  magnesium  carbonates  is  sufficient 
to  keep  them  permeable,  to  provide  for  nitrification  and  to  furnish 
all  of  these  elements  that  may  be  needed  to  keep  the  soil  sweet  and 
the  plants  well  fed.  Magnesia  is  less  abundant  than  lime,  a  con- 
dition very  commonly  reversed  in  the  soils  of  the  Gulf  States. 
Potash  is  low  but,  owing  to  the  presence  of  the  lime,  may  not 
exhibit  deficiency  for  some  time.  Phosphoric  acid  is  unusually 
abundant,  but  of  low  availability  because  of  its  combination  with 
iron  or  aluminum.  These  lands  will,  for  this  reason,  as  well  as  to 
insure  continuance  of  permeability,  require  occasional  calcareous 
manuring.     Nitrogen  is  present  in  liberal  supply. 
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THE  EFFECTS  OF  FERflENTATION  UPON  THE  COHPOSl- 
TION  OF  CIDER  AND  VINEGAR. 

By  C.  A.  Browne,  Jr. 

Received  October  >4>  i9oa. 

The  present  work  comprises  the  results  obtained  in  connection 
with  an  experiment  begun  at  this  Experiment  Station  in  the  Fall 
of  1898,  which  had  for  its  object  a  chemical  study  of  the  cask 
metliods  of  producing  cider  and  vinegar,  as  ordinarily  practiced 
in  the  rural  sections  of  this  country.  So  far  as  known,  no  experi- 
ments have  been  published  thus  far  towards  this  end.^ 

PLAN  OF  THE  EXPERIMENT. 

The  juice  for  the  experiment  was  prepared  wholly  from  one 

1  Reference  should  be  made  to  Bulletin  No.  127,  of  the  Vm.  Agr.  Kxpt  Station,  by  W.  B. 
Alwood  and  R.  J.  Davidson,  entitled  "  Observations  on  the  Production  of  Vinegar  in  Cel- 
lars,*' which  has  since  come  to  the  writer's  attention. 
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kind  of  apples  of  an  unknown  variety.  The  apples  were  picked 
November  15,  1898,  and  were  taken  at  once  to  a  cider  mill  near-by 
where  they  were  ground  and  pressed.  A  25-gallon  cask  was  filled 
with  juice  and  then  taken  immediately  to  a  cool,  dry  cellar,  where 
it  was  kept  throughout  the  experiment.  The  bung  of  the  cask 
was  loosely  drawn  to  allow  the  escape  of  carbon  dioxide  during 
fermentation.  The  first  sample  for  analysis  was  drawn  the  day 
after  pressing.  Samples  were  then  drawn  about  every  two  weeks 
during  the  early  stages  of  the  alcoholic  fermentation ;  afterwards 
during  the  latter  part  of  the  alcoholic  fermentation  and  through- 
out the  acetic  fermentation,  when  chemical  changes  advanced  less 
rapidly,  analyses  were  made  only  monthly  or  bimonthly. 

In  sampling,  a  quart  jar  was  usually  filled,  the  cider  being 
drawn  off  through  a  rubber  siphon  from  about  the  middle  of  the 
cask.  Care  was  taken  not  to  disturb  the  sediment  which  settled 
out  during  the  fermentation.  The  temperature  of  the  cellar  and 
cider  were  taken  at  the  time  of  sampling,  and  the  cask  containing 
the  cider  was  weighed  occasionally  in  order  to  ascertain  the  losses 
from  evaporation  and  seepage.  The  samples  after  taking  to  the 
laboratory  were  also  weighed  before  beginning  the  analysis,  to 
determine  the  amounts  removed  from  the  cask.  The  samples 
were  drawn  always  in  the  morning,  and  the  analjrtical  work  was 
begun  immediately  after  taking  to  the  laboratory  to  avoid  vitiation 
of  results  due  to  the  progress  of  the  fermentation.  If  turbid  or 
containing  matter  in  suspension,  the  samples  were  filtered  before 
analyzing.  The  results  of  the  analytical  work,  covering  a  period 
of  over  three  years,  are  presented  in  Table  I. 

THE  ALCOHOLIC  FERMENTATION. 

The  determinations  of  solids  in  Table  I  were  unfortunately  all 
made  by  the  old  method  of  drying  at  100**  C.  in  a  water-bath.  A 
constancy  in  weight  could  never  be  secured,  and  the  percentages 
given  represent  simply  the  solid  matter  after  ten  to  twelve  hours' 
drying.  As  compared  with  a  method*  used  later  upon  fruit 
products  of  drying  in  vacuo  at  70**  C,  this  procedure  gives  too 
low  results,  owing  to  the  decomposition  of  levulose. 

Looking  at  the  percentages  of  the  sugars,  sucrose,  dextrose, 
and  levulose,  in  Table  I,  we  notice  during  the  first  two  weeks  a 

t  This  Jonrnal,  33,  873. 
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rapid  fall  in  the  per  cent,  of  sucrose,  but  that  the  percentages  of 
dextrose  and  levulose  remain  nearly  constant.  This  would  indi- 
cate that  in  the  beginning,  by  the  action  of  the  invertase  upon  the 
sucrose,  the  amounts  of  dextrose  and  levulose  are  restored  nearly 
as  fast  as  fermented.  The  following  diagram  will  show  the  rates 
of  decrease  in  the  sugars,  and  their  relations  to  alcohol  and  rota- 
tion more  graphically. 


^r- 


HmmiiBrA    Dxe/TtierT 


Diagram  No.  x.    Bach  diviaion  represents  ten  days. 

The  effect  of  the  removal  ofthe  sucrose,  which  is  strongly  dextro- 
rotatory, is  shown  most  strikingly  by  the  marked  rise  at  first  in 
the  levo-rotation ;  the  maximum  is  soon  reached,  however,  and 
the  rotation  then  begins  to  fall,  gradually  at  first, — the  removal  of 
sucrose  and  dextrose  at  this  time  very  nearly  counterbalancing 
the  decrease  in  rotation  that  would  be  produced  by  the  fermenta- 
tion of  levulose — ,  and  then  more  suddenly  owing  to  the  increased 
rapidity  in  the  fermentation  of  the  levulose.  The  period  of 
greatest  chemical  activity  is  from  the  fourth  to  the  seventh  week ; 
we  notice  here  the  largest  drop  in  the  percentage  of  levulose, 
attended  by  the  greatest  rise  in  the  percentage  of  alcohol.  Another 
important  fact  is  that  while  the  sucrose  and  dextrose  are  com- 
pletely removed  by  fermentation,  a  small  amount  of  levulose  re- 
mains unaffected.  This  is  due  to  the  formation  of  acetic  acid, 
which  arrests  the  alcoholic  fermentation,  as  will  be  explained 
later.  The  levulose  remains  largely  in  excess  of  the  dextrose 
during  the  whole  fermentation,  as  is  indicated  by  the  marked  levo- 
rotation  at  all  times. 

In  plotting  the  curve  for  rotation  one-tenth  of  the  actual  read- 
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ings  given  in  Table  I  were  used,  in  order  to  bring  the  curve  ^iritfain 
the  range  of  the  others.  We  note  here  that  the  rotation  curve,  as 
thus  plotted,  follows  from  its  point  of  maximum  the  course  of  the 
levulose  curve  quite  closely,  gradually  approaching  the  latter  as 
the  sucrose  and  dextrose  diminish,  until,  with  the  elimination  of 
these  restraining  factors  the  two  curves  merge,  continuing  after- 
wards together.  The  fact  that  the  percentages  of  levulose,  as 
calculated  from  the  copper-reducing  power,  in  the  latter  part  of 
the  alcoholic  fermentation  agreed  so  closely  with  one-tenth,  the 
observed  polariscopic  readings  (Ventzke),  in  the  400  mm.  tube^ 
led  the  writer  to  calculate  the  theoretical  Ventzke  readings 
(20**  C.)  for  a  number  of  levulose  solutions  of  different  concen- 
trations. 

The  formula'  used  was  v=      ^*  in  which  v  =  the  Ventzke 

34.68 

reading  sought,  W  =  grams  of  substance  in  100  cc.  solution,  and 
P  z=  the  specific  rotatory  power  at  20*  C.  for  the  given  concen- 
tration. In  calculating  the  value  of  P  for  levulose,  the 
formula  of  Jungfleisch  and  Grimbert*  was  employed,  [flf  J  = 
—  [101.38  —  o.$6t  +  o.i68(c — 10)],  in  which  /  is  the  temper- 
ature of  the  solution  and  c  the  grams  of  levulose  in  100  cc. 


Tablb  II. 

Concentration. 

levulose  in  loo  cc. 

Grams. 

Calculated  specific 
rotatory  power. 

Calculated  polariacope 

reading,  Ventzke, 

400  mm.  ao^'C. 

10 

5 

2 
I 

—  90.18 
-89.64 

-89.33 

—  89.21 

—  104.00 

—  51.69 

—  20.60 

—  10.26 

0.5 
0.2 

-89.15 
—  89.12 

-  5.14 

-  2.06 

0.1 

—  89.11 

—      1.02 

Thus,  for  quantities  of  levulose  up  to  2  grams  per  100  cc,  one- 
tenth  of  the  polariscopic  reading  in  the  400  mm.  tube  at  20**  C, 
gives  a  result  agreeing  within  a  few  hundredths  of  the  amount  of 
levulose  actually  taken.  This  fact  seems  to  offer  a  ready  and  easy 
means  of  determining  levulose  in  the  absence  of  other  sugars. 
For  low  concentrations  of  levulose  the  differences  between  grams 
in  100  cc.  and  actual  percentages  are  negligible.    The  close  agrec- 

>  This  Journal,  93,  88i. 

I  I^ndolt :  **Das  optische  Drehungsvermfigen,"  a  Auflage,  p.  524. 
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ment  between  the  above  calculated  results  and  those  actually 
observed  in  Table  I  affords  not  only  a  check  upon  the  work,  but 
also  an  indication  that  levulose  is  the  only  important  optically 
active  body  in  completely  fermented  ciders. 

As  regards  other  chemical  changes  produced  during  the  period 
of  alcoholic  fermentation,  we  observe  a  slow,  but  gradual  increase 
in  the  percentage  of  acetic  acid,  while  as  regards  the  percentage  of 
fixed  or  malic  acid,  the  reverse  is  true.    Just  how  the  malic  add 
is  destroyed  is  not  well  understood.    A  similar  diminution  takes 
place  with  tartaric  acid  in  the  fermentation  of  grape  juice.    The 
amount  of  pectin  or  gummy  matter  precipitated  by  alcohol  was 
determined  in  a  few  cases  during  the  alcoholic  fermentation,  and 
also  seems  to  undergo  a  decrease,  due  no  doubt  to  sedimentation. 
Determinations  of  the  ester  number,  or  cubic  centimeters  of 
N/io  sodium  hydroxide  necessary  to  saponify  the  esters  distilled 
from  lOO  cc.  of  cider  were  made  in  the  latter  part  of  the  period  of 
alcoholic  fermentation.    The  results  seem  to  indicate  an  increase 
in  the  volatile  esters  up  to  the  point  of  greatest  alcohol  content; 
with  the  development  of  acidity,  however,  as  shown  by  later 
analyses,  these  esters  seem  to  be  partly  broken  up.    The  maxi- 
mum ester  number  of  lo.i  would  be  equivalent  to  0.09  per  cent,  of 
ethyl  acetate. 

THE  SUGAR-ALCOHOL  RATIO. 

KuHsch^  in  an  experiment  upon  the  fermentation  of  apple  juice 
calculates  that  100  parts  of  sugar  after  inversion 
yield  49.5  parts  of  alcohol,  but  does  not  state 
whether  the  experiment  was  conducted  in  a  cask 
or   bottle.*      The  results  of  Kulisch  are  based 

>  KuUach:  Landtv.Jahrd.  t9.  Ill,  {t9^).  • 
s  Larger  yields  of  the  alcohol  are,  of  course,  obtained  where  fer- 
mentation bottles  are  u%ed  since  losses  from  evaporation  are  pre- 
vented. In  some  fermentation  experiments  carried  out  by  the 
writer  under  the  direction  of  Professor  Alfred  Koch,  at  the  Univer- 
sity of  Gdttingen,  there  were  obtained  in  one  experiment  from  loo 
parts  of  sugar,  50.49  parts  alcohol  and  48  22  parts  carbon  dioxide. 
Sterilized  grape  juice  and  a  pure  yeast  culture  (Reinhefe  No.  13) 
were  employed,  so  that  all  injurious  fermentative  changes,  acetic, 
etc.  were  excluded.  The  fermentations  were  carried  out  in  flasks 
of  the  form  shown  in  the  accompanying  figure.  After  sterilizing 
the  apparatus  the  bottle  A ,  holding  about  500  cc.,  is  filled  about  half 
fun  with  a  known  quantity  of  the  sterilized  medium  (must,  cider, 
wine,  etc.)  and  then,  after  inoculating,  tightly  closed  with  the  ar- 
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upon  the  supposition  that  the  volume  of  liquid  remains  constant 
throughout  the  fermentation ;  while  this  assumption  is  practically 
correct  as  is  shown  by  the  results  of  Stein^  and  others,  it  would 
not  hold  where  there  were  losses  from  evaporation  and  seepage,  as 
is  always  the  case  where  the  fermentation  takes  place  in  casks. 

To  determine  the  yield  of  alcohol  from  sugar  in  the  experi- 
ment, the  calculation  was  made  as  follows,  using  the  data  given 
in  Table  I. 


Date. 

weight  of 
Grams. 

incraer. 
Per  cent. 

Snsar 
indder. 
Grama. 

Alcohol 
in  cider. 
Percent. 

Alcohol 

in  cider. 
Gram*. 

Nov.  i6 
May  4    _ 

97070 
76770 

13.36 
0.24 

12968.6 
184.2 

0.43 
.     7.00    _ 

417.4 
.     5373.9. 

12968.6  grams  =  total  weight  of  sugar  at  beginning  of  fermentation, 
deduct      184.2     "      =    *•         **       *•     **      *'  end  "  " 

12784.4 
deduct      585.6  grams  =  total  weight  of  sugar  removed  by  samples. 

1 2 198.8  grams  =  weieht  of  sugar  actually  fermented. 
5373.9  grams  =  totsu  weight  of  alcohol  at  end  of  fermentation, 
deduct      417.4     "      =    **         *•       "        "       "  beginning   of   fermentsi- 
[tion. 

4956.5 
add  579.0  grams  =  total  weight  of  alcohol  removed  by  samples. 

5535.5  grams  =  weight  of  alcohol  formed  during  period  of  fermen- 

5535-5  [tation. 

=  0.454,  sugar-alcohol  ratio. 

12 198.8 

In  Other  words  100  parts  of  sugar  in  the  experiment  gave  an 
actual  yield  of  45.4  parts  alcohol.  This  is  88.8  per  cent,  of  the 
theoretical  yield  and  about  90  per  cent,  of  the  best  results  of 
laboratory  experiments. 

The  principal  cause  of  this  loss  in  alcohol  is  that  from  volatili- 
zation. A  small  laboratory  experiment  upon  the  effects  of  evapo- 
ration, at  room  temperature,  on  a  dilute  alcohol  solution  showed 
the  following: 


Weight  of  Specific  Alcohol  in 

solution.  gravity.  Alcohol.      solution. 

Grams.  15.5"  C.  Per  cent.        Grams. 


Grams.  15.5°  C  Per  cent.        Grams. 

At  beginning 188.5  0.98647  8. 1 1  15.29 

After  forty-eight  hours  . .     142.2  0.99802  1.04  i.48 

Loss 46.3  ••••  13-81 

rangement  B.  The  bottom  bulb  is  filled  about  half  full  with  sulphuric  acid  (i :  x),  which 
seals  the  flask  from  without,  but  does  not  interfere  with  the  escape  of  carbon  dioxide. 
The  mouth  of  the  bulb  is  closed  with  a  small  wad.  of  cotton.  By  weighing  the  apparatus 
from  time  to  time  and  noting  the  loss  in  weight,  one  is  enabled  to  follow  the  rate  of  fer- 
mentation very  closely. 

>  J.  Soc.  Chem.  Ind,^  19,  137-8  (1900). 
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Thus  30  per  cent,  of  the  loss  on  evaporation  was  due  to  alcohol, 
while  of  the  total  amount  of  alcohd  originally  present  90  per  cent 
disappeared  by  volatilization  at  room  temperature.  This  illustra- 
tion is,  of  course,  an  extreme  case ;  the  experiment  was  conducted 
in  an  open  beaker  and  a  relatively  large  surface  ( 10  square  inches) 
was  exposed  to  evaporation  in  proportion  to  the  ampunt  of  solu- 
tion. 

The  loss  from  evaporation  in  the  cider  experiment  during  the 
169  days  of  the  alcoholic  fermentation  was  calculated  as  follows : 

97070  grams  =  weigh!  of  cider  at  the  beginning, 
deduct  76770  grama  =  weight  of  cider  at  the  end  of  the  alcoholic  fermenta* 

[tion. 

20300 
deduct  12020  grama  =  weight  of  cider  removed  by  aamplea. 

8280  grams  =  loss  from  evaporation  and  carbon  dioxide, 
deduct     5964  grams  =  theoretical  weight  of  carbon  dioxide  by  fermentation 

[of  1 2198  8  grams  sugar. 

2316  grams  =  the  calculated  loss  from  evaporation  and  seepage. 

The  outer  surface  of  the  cider  cask  showed  no  signs  of  leakage, 
so  that  the  greater  part  of  this  loss,  which  amounts  to  about  2.4 
per  cent,  of  the  total  amount  of  liquor,  was  probably  due  to 
evaporation, — ^this  being  increased  no  doubt  by  the  abundant  evo- 
lution of  carbon  dioxide  early  in  the  fermentation.  In  this  loss 
from  evaporation  a  considerable  quantity  of  alcohol  must  have 
escaped. 

Very  serious  losses  of  alcohol  may  result  in  cider-making,  from 
the  development  of  the  acetic  ferment.  During  the  period  of 
alcoholic  fermentation  in  the  experiment,  there  was  formed  0.23 
per  cent,  acetic  acid,  equivalent  to  about  0.2  per  cent,  alcohol; 
and  sufficient  to  cause  a  decrease  of  0.7  in  the  percentage  of  alcohol 
formed  from  sugar. 

The  average  percentage  of  acetic  acid  in  a  number  of  ciders, 
obtained  from  farmers  and  analyzed  at  this  station,  was  found  to 
be  0.69,  the  results  ranging  from  0.24  to  1.96  per  cent.  Kulisch^ 
found  in  the  analysis  of  many  German  ciders  an  average  of  only 
0.04  per  cent,  acetic  acid,  the  range  being  from  o.oi  to  0.14  per 
cent.  X'^is  low  degree  of  acidity  is  especially  noteworthy  and  is 
an  indication  of  the  extreme  care  employed  in  the  fermentation. 

1  Kuliach :  Lamdw.  Jakrd.,  19, 88  (t8^). 
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By  racking  ciders  off  after  the  main  fermentation  into  other  casks 
and  bunging  tightly,  a  considerably  part  of  the  losses  of  alcohol 
from  evaporation  and  acetification  may  be  prevented,  and  a  much* 
better  quality  of  cider  obtained. 

THE  ACETIC  FERMENTATION. 

The  cider  obtained  by  the  alcohol  experiment  was  used  for  the 
experiment  on  acetification.    The  cider  was  not  transferred ;  but 
to  facilitate  the  process  of  oxidation  the  bung  of  the  cask,  which 
had  been  only  loosely. inserted  during  the  alcoholic  fermentation, 
was  now  removed  entirely.    The  results  of  the  anal3rtical  work  are 
tabulated  in  the  second  part  of  Table  I.    The  writer,  owing  to  a 
temporary  absence  of  eighteen  months,  was  unable  to  carry  the 
experiment  through  to  the  completion  of  acetification.    The  last 
analysis  shows  the  presence  of  2.61  per  cent,  alcohol  and  this 
would  correspond  to  about  3  per  cent,  more  acetic  acid,  so  that 
the  vinegar  at  the  end  of  acetification  showed  probably  about  9 
per  cent,  acetic  acid.    The  work  was,  however,  carried  far  enough 
to  illustrate  the  principal  chemical  changes  of  acetification  and  to 
establish  an  alcohol-acetic  acid  ratio. 

Inspecting  Table  I  we  notice  that  with  the  progress  of  acetifi- 
cation the  specific  gravity,  which  had  been  steadily  decreasing^ 
since  the  beginning  of  the  alcohol  fermentation,  now  begins  to 
increase.  The  percentage  of  solids  determined  by  drying  at 
100**  C.  undergoes  a  slight  diminution ;  the  last  analysis,  how- 
ever, seems  to  show  an  increase,  due,  perhaps,  to  a  concentration 
of  the  liquid  from  evaporation.  Ash  remains  constant.  The 
percentage  of  malic  or  fixed  acid  continues  to  decrease,  as  during 
the  alcoholic  fermentation.  The  percentage  of  levulose  continues 
to  decrease  at  first  slightly, — the  result  of  the  last  remaining 
efforts  of  the  alcoholic  ferment, — ^but  upon  the  percentage  of 
acetic  acid  reaching  0.5  undergoes  no  further  diminution.  The 
alcoholic  fermentation  proceeds  best  in  the  presence  of  a  mini- 
mum amount  of  acetic  acid.  A  percentage  of  0.5  acetic  acid  will 
retard  the  alcoholic  fermentation  considerably,  and  experiments 
by  Lefar'  show  that  out  of  fifteen  different  varieties  of  yeasts 
only  three  were  able  to  produce  any  fermentation  at  all  when  the 

1  I«afar:  Landw.Jahrb.,  94.  445  (i89S)- 
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amount  of  acetic  acid  exceeded  i  per  cent.  Many  farmers  and 
vin^^r  manufacturers  make  a  foolish  practice  of  adding  fresh 
apple- juice  to  old  vinegar  stock,  in  the  hope  of  thus  securing  a 
more  rapid  conversion  of  the  product  into  vinegar  and  then  com- 
plain that  their  vin^;ar  "won't  make."  The  sugar  of  the  juice 
must  first  undergo  the  alcoholic  fermentation  before  the  acetic 
fermentation  can  begin,  and  by  adding  apple- juice  to  old  vinegar, 
the  alcoholic  fermentation  may  not  only  be  checked,  but  even 
absolutely  prevented.  The  writer  knows  of  instances  where 
such  mixtures  have  remained  for  years  without  fermenting.  This 
fact  no  doubt  explains  the  high  percentage  of  reducing  sugars 
found  occasionally  in  samples  of  cider  vinegar. 

The  relation  between  alcohol  and  acetic  acid  in  the  fermenta- 
tion experiment  is  illustrated  graphically  in  the  following  dia- 
gram. 
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Dtftgram  No.  a.    Bach  division  repreaents  ten  weeks. 

The  process  of  acetification  advances  very  slowly  until  about 
July  when  it  receives  a  sudden  start,  probably  through  the  influ- 
ence of  the  warm  summer  temperature.  The  conjectured  courses 
of  the  alcohol  and  acetic  acid  curves,  for  the  time  when  no  analyses 
were  made,  are  indicated  by  dotted  lines. 

THE  AI.COHOI.-ACETIC  ACID  RATIO. 

Calculations  made  from  the  specific-gravity  tables  of  alcohol 
and  acetic  acid,  indicate  that  there  is  a  slight  increase  in  volume 


Acetic  add 

by  titration. 

Per  cent. 

8.53 

Acetic  add 
in  aolution. 

GramSL 

16.08 

9.04 

14.06 
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during  the  acetic  fermentation,  provided  no  loss  occurs  from 
evaporation.  Assuming  that  the  volume  remains  unchanged  dur- 
ing the  fermentation,  a  calculation  of  the  ratio  of  alcohol  to  acetic 
acid,  from  the  data  in  Table  I,  gives  a  value  of  1.33,  which  instead 
of  being  lower  is  higher  than  the  theoretical  figure  1.30.  This  is 
to  be  explained  by  a  concentration  of  the  acetic  acid,  during  the 
experiment,  from  evaporation.  A  laboratory  experiment^  upoo 
the  effects  of  evaporation  on  a  dilute  solution  of  acetic  acid  at 
room  temperature  showed  the  same  eflfect. 

Weight  of  specific 

solution.  gravitv. 

Grams.  ^S-sP  C. 

At  beginningr 188.5  1.01184 

After  forty-eight  hours  . .     155.5  i. 01326 

Loss 33.0  ....  2.02 

This  shows  a  concentration  of  the  solution  from  evaporation, 
there  being  an  increase  of  0.5  per  cent,  acetic  acid  in  forty-eight 
hours.  A  calculation,  based  upon  the  actual  amounts  of  acetic 
acid  in  the  solution,  shows,  however,  a  loss'  of  2.02  grams  acetic 
acid  from  evaporation  or  12.5  per  cent  of  the  original  amount. 
Vinegars  may,  therefore,  become  stronger  through  evaporation, 
notwithstanding  that  there  is  an  actual  loss  of  acetic  acid. 

To  determine  the  true  ratio  of  alcohol  to  acetic  acid  in  the 
experiment,  the  following  calculation  was  made,  using  data 'from 
Table  I. 

Acetic  add    Acetic  acid 
in  vinegar,    in  vinegar. 
Per  cent.         Grams. 
0.27  207.3 

.   .     ,    ^  ^  -  5.98  3804.5 

5373-9  grams  ==  total  weight  of  alcohol  at  beginning  of  experiment, 
deduct     1660,5     *•      =    "         **       *•        "       **  end  of  experiment. 

37134 
deduct      432.8  grams  =  weight  of  alcohol  removed  by  samples. 

3280.6      **      =      »•       *•        **      actually  fermented. 

3804.5  grams  =  total  weight  of  acetic  acid  at  end  of  experiment, 
deduct       207.3      "      =    *'  '*      **      "        •*     ••  beginning   of  experi- 

[ment. 

3597.2 
add  219.4  grams  =  weight  of  acetic  acid  removed  by  samples. 

3816.6  **      =      "       *•      "        •'   formed  during  period  of  ex- 
3816.6  [periment. 
=  1. 163,  ratio  of  alcohol  to  acetic  acid. 

3280.6 
1  This  experiment  was  conducted  at  the  same  time  and  under  similar  conditions  as  the 
experiment  upon  evaporation  of  alcohol  in  dilute  solution,  page  aa. 


Alcohol  in 

Alcohol  in 

Weight  of 

vinegar. 

vinegar. 

Date. 

vinegar. 

Per  cent. 

Grams. 

1899.   May    4 

76770 

7.00 

5373.9 

1900,  July  31 

63620 

2.61 

1660.5 
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In  Other  words  lOO  parts  of  alcohol  in  the  experiment  gave  an 
actual  yield  of  116.3  parts  acetic  acid,  instead  of  133.2  parts  as 
calculated  according  to  constant  volumes.  This  yield  is  89.2  per 
cent,  of  the  theoretical.  The  greater  part  of  this  loss  occurred  no 
doubt  from  volatilizs^tion  of  both  alcohol  and  acetic  acid.  In  the 
experiment  during  the  period  of  acetification  the  bung  was  with- 
drawn from  the  cask  entirely,  and  considerable  loss  from  evapo- 
ration might  easily  take  place. 

The  loss  from  evaporation  during  the  fifteen  ^months  of  the 
acetification  experiment  was  computed  as  follows. 

76770  grams  =  weight  of  vinegar  at  beginning  of  experiment 
deduct  63620  grama  =  weight  of  vinegar  at  end  of  experiment. 

13150  grama, 
deduct     8321  grama  =  weight  of  vinegar  removed  by  sample. 

4829  grama, 
add  2296  grama  =  calculated  weight   of   oxygen    abaorbed  to  oxidize 

[3280.6  grams  alcohol. 

7125  grams  =  calculated  loas  from  evaporation  and  seepage. 

This  loss  or  shrinkage  is  over  9  per  cent,  of  the  weight  of  cider 
at  the  end  of  the  alcoholic  fermentation,  and  if  calculated  to  the 
completion  of  acetification  would  equal  nearly  15  per  cent. 

Another  source  of  loss  of  acetic  acid,  in  addition  to  that  fropi 
volatilization,  occurs  as  a  result  of  certain  destructive  fermenta- 
tive changes.  This  will  be  spoken  of  more  fully  under  the  sub- 
ject of  deterioration  of  vinegar.  The  ratio  of  sug^r  to  acetic  acid 
in  the  experiment  would  be  equal  to  the  product  of  the  sugar- 
alcohol  and  alcohol-acetic  acid  ratios,  0.454X1-163  =  0.528. 
That  is,  100  parts  of  sugar  produced  52.8  parts  acetic  acid,  which 
is  about  80  per  cent,  of  the  theoretical  yield  66.6. 

THE  DETERIORATION  OF  VINEGAR. 

It  is  a  fact  weH  known  among  vinegar  manufacturers  that 
vin^;ars  after  long  standing  deteriorate  and  lose  their  strength. 
Such  vinegars  they  say  become  "overaged." 

A  good  example  of  a  deteriorated  vin^ar  is  afforded  in  the 
fermentation  experiment.  After  an  interval  of  eighteen  months 
from  the  analysis  on  July  31,  1900,  an  examination  of  the  vinegar 
was  made  wiA  the  results  shown  at  the  bottom  of  Table  I.  The 
vinegar,  when  drawn,  contained  a  large  amount  of  sediment, 
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mixed  with  mother  and  had  to  be  filtered.  There  were  also 
present  many  dead  larvae  of  vinegar  flies  (Drosophila)  ;  whether 
these  may  have  played  any  important  part  in  the  process  of 
deterioration  is  uncertain. 

Comparing  the  analytical  results  of  the  deteriorated  vinegar 
with  those  of  eighteen  months  before,  we  notice  some  very  decided 
changes.  The  solids  and  ash  have  both  undergone  a  marked  in- 
crease, due  to  a  concentration  of  the  vinegar  from  evaporation. 
The  bung-hole  of  the  vinegar  cask  had  remained  open  since  the 
time  of  the  former  analysis  and  the  weight  of  vinegar  had  de- 
creased from  63  to  44  kilos,  a  loss  of  over  30  per  cent.  We  note 
also  in  Table  I  that  the  alcohol  has  entirely  disappeared  in  the 
deteriorated  vinegar,  as  was  to  be  expected,  and  that  the  per- 
centage of  malic  acid,  which  had  been  decreasing  from  the  very 
first,  has  fallen  off  to  0.06  per  cent. 

The  acetic  acid,  it  is  noticed,  has  decreased  over  2.5  per  cent 
since  the  last  determination.  The  loss  in  acetic  acid  from  de- 
terioration is,  however,  much  greater  than  this,  as  the  process  of 
acetification  at  the  time  of  the  former  analysis  was  incomplete. 
Determinations  of  acidity  in  the  deteriorated  vinegar  were  made 
from  month  to  month,  and  the  decrease  continued  quite  regularly, 
though  somewhat  faster  in  the  summer  months,  at  the  rate  of 
about  o.i  per  cent,  per  week.  This  is  also  shown  graphically  in 
diagram  No  2. 

This  marked  decrease  in  the  percentage  of  acetic  acid  is  due 
mostly  to  a  destructive  fermentation.  There  are  a  number  of 
acetic  acid-consuming  organisms,  but  of  first  importance  among 
these  are  the  acetifying  bacteria  themselves.  It  was  first  estab- 
lished by  Pasteur  that  the  acetic  acid  bacteria,  after  converting 
the  alcohol  into  acetic  acid,  then  consume  the  latter,  forming 
xarbon  dioxide  and  water,  CHgCOOH -f  4O  =  2H,0  +  CO,. 
The  saying  sometimes  heard  that  vinegar  on  long  standing  **eats 
itself  up'*  is  therefore  really  true.  This  secondary  action  of  the 
acetic  ferment  sets  in  no  doubt  before  the  complete  acetification  of 
the  alcohol,  and  this  would  diminish  somewhat  the  yield  of  acetic 
acid  from  alcohol. 

THE  NATURE  OF  THE  ORGANISMS  PRODUCING  DETERIORATION. 

A  sample  of  the  deteriorated  vinegar  poured  oflF  into  a  large 
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bottle  continued  to  develop  mother  in  large  quantities,  and  the 
question  arose  as  to  the  exact  nature  of  the  ferment  producing 
the  deterioration.    A  chemical  examination  of  the  mother,  which 
was  taken  before  the  period  of  deterioration  and  of  that  found  in 
the  d^enerated  sample,  showed  that  the  organisms,  which  had 
produced  acetification,  and  those  causing  the  deterioration  were 
of  an  entirely  different  nature,  although  both  belonged  to  the  class 
of  acetic  bacteria.    Pieces  of  the  mother  frcwn  the  deteriorated 
vinegar  were  boiled  with  successive  portions  of  dilute  sulphuric 
add  and  soda,  to  remove  incrusting  substances,  and  then,  after 
washing,  treated  with  chloride  of  zinc  and  iodine ;  an  intense  blue 
coloration  developed,  characteristic  of  cellulose.    The  same  re- 
action was  also  produced  with  sulphuric  acid  and  iodine.    This 
proves  the  ferment  to  be  not  the  ordinary  mycoderma  aceti  but 
bacterium  xylinum^  or  an  allied  form, — ^the  slimy  envelopes  of 
mycoderma  aceti  or  bactermm  Pasteurianum  not  containing  cellu- 
lose.   The  presence  of  a  cellulose-forming  organism  in  the  de- 
teriorated vinegar  is  especially  noteworthy,  inasmuch  as  the  mother 
taken  from  the  vinegar  before  deterioration  gave  no  cellulose  re- 
action, showing  that  the  ferment,  which  produced  acetification, 
was  of  the  ordinary  mycoderma  type.     Bertrand'  states  that  the 
small  red  vinegar  flies    (Drosophila  cellaris),  which   frequent 
places  where  fruit  juices,  etc.,  are  fermenting,  inoculate  the  latter 
with  the  sorbose  bacterium'  (bacterium  xylinum).    As  was  be- 
fore stated  many  larvae  of  vinegar  flies  were  found  in  the  de^ 
teriorated  vinegar  and  we  may  have  here  a  source  of  the  organ- 
isms, which  seem  to  have  supplanted  the  original  acetifying 
bacteria. 

THE  FORMATION  OF  REDUCING  SUBSTANCES  IN  ''OVERAGED^'  VINEGAR. 

A  singular  fact  in  connection  with  the  results  upon  deterioration 
is  the  high  increase  in  the  percentage  of  reducing  sugar,  which  is 
also  attended  by  a  considerable  increase  in  the  levorotation.  This 
cannot  be  explained  altogether  by  the  concentration  of  the  vinegar 
from  evaporation,  since  with  a  reduction  in  volume  of  only  30  per 

I  l«afar :  Teekniscke  Mykohgie,  Bd.  I,  p.  346.  The  Bacttrium  xylinum,  first  studied  by 
A.  J.  Brown,  fonnsa  very  tough,  thick  mother,  popularly  designated  in  England  as 
^rioegar  plant." 

*  Bertimnd :  Compi,  Rend,^  laa,  900 :   Maqnenne :  **X<es  Sucres,**  Paris,  (1900),  p.  581. 

*  The  Sothose  bacterium  and  BacUrium  xylmum,  at  first  considered  different,  have 
Vea  proved  by  Emerling  to  be  identical.    Ber.  d.  chem.  Ges.,  3a,  541- 
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cent.,  we  observe  that  the  percentage  of  sugar,  calculated  as  levu- 
lose,  has  increased  to  over  five  times  its  original  amount.  The 
percentage  of  sugar  as  levulose  no  longer  agrees  with  one-tenth 
the  rotation  Ventzke  in  the  400  mm.  tube,  as  was  the  case  early  in 
the  process  of  acetification,  but  is  over  twice  the  same,  so  that 
other  reducing  substances  besides  levulose  must  be  present, — the 
result  no  doubt  of  certain  fermentative  changes.  This  latter 
assumption  does  not  seem  improbable,  when  we  consider  the  fact 
that  the  solids  of  vinegar  are  made  up  to  a  great  extent  of 
glycerol,  pectin,  and  other  substances,  probably  of  a  carbohydrate 
nature,  and  hence  easily  subject  to  chemical  transformation. 

To  ascertain  more  fully  the  nature  of  the  reducing  bodies  in  the 
deteriorated  vinegar,  a  quantity  of  the  sample,  after  filterings  from 
the  mother,  was  treated  with  a  solution  of  phenylhydrazine  dis- 
solved in  acetic  acid.  After  heating  for  twenty  minutes  on  the 
steam-bath,  a  flocculent  precipitate  b^;an  to  form  and,  on  cooling, 
a  thick  yellowish  colored  magma  was  obtained.  This  was  filtered 
off,  and  by  fractional  crystallization  from  alcohol  was  found  to 
contain  two  well-defined  osazones. 

Osazone  No.  i,  present  in  considerable  amounts,  was  easily 
soluble  in  alcohol,  but  less  soluble  in  water.  After  recrystallizing 
several  times  from  dilute  alcohol,  a  yellowish  colored  product  was 
obtained  melting  at  I42'*-I43**.  The  compound  turned  slightly 
brown  on  long  exposure  to  the  air  and  light. 

Osazone  No.  2,  present  in  only  small  amounts,  was  almost  in- 
soluble in  alcohol  and  very  difficultly  soluble  in  ether.  Its  quan- 
tity was  so  small  that  no  attempt  was  made  to  recrystallize  it.  It 
was  purified  by  washing  with  small  amounts  of  alcohol  and  ether. 
The  compound  consisted  of  a  pale  yellow  crystalline  powder, 
melting  at  240^-242** . 

An  elementary  analysis  of  osazone  No.  i  showed  it  to  have  the 
composition  of  a  phenyl  hexosazone. 

Pound.  Calculated. 

Oflftione  No.  X.  PhenylhezoMsone,  Ci|Ht|N404. 

Per  cent  Per  cent. 

Carbon 60.45  ^-^7 

Hydrogen 6.22  6.20 

Of  the  some  twelve  known  isomeric  phenylhexosazones  only 
one  has  a  melting-point  agreeing  with  that  of  osazone  No.  i  and 
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that  is  the  phenylformosazone,  described  by  Fischer/  melting  at 
'I44*.  Formose/  a  body  of  great  interest  in  the  synthesis  of 
sugars,  has  not  been  found  hitherto  in  any  natural  product.  It 
has  been  prepared  synthetically  by  the  condensation  of  formalde- 
hyde in  alkaline  solution.  In  this  condensation  a  mixture  of 
substances  is  formed,  but  the  name  formose  is  applied  by  Fischer 
only  to  the  compound  giving  the  above  osazone.  The  arrange- 
ment in  composition  and  melting-point  of  osazone  No.  i  with 
phenylformosazone,  while  not  an  absolute  proof  of  the  identity  of 
the  two  compounds,  yet  furnishes  an  indication  of  the  presence  in 
the  deteriorated  vinegar  either  of  formose  or  of  some  unknown 
hexose  sugar. 

An  elementary  analysis  of  osazone  No.  2  showed  that  it  was  not 
an  osazone  of  any  of  the  sugars.  Its  composition  agrees,  how- 
ever, with  that  of  phenyldiacetylosazone. 

Calculated. 
Pound.  PhenyldiacetyU 

OMsone  No.  a.  oaaxone.  Ci«Ht^4. 

Per  cent.  Per  cent. 

Carbon 71.90  72.10 

Hydrogen 7.08  6.82 

Diacetylosazone,  first  prepared  by  Pechmann,'  is  described  as 
a  yellowish  colored,  finely  crystalline  compound,  melting  at  245®, 
almost  insoluble  in  alcohol  or  water,  and  difficultly  soluble  in  ether. 
These  properties  agree  exactly  with  those  of  osazone  No.  2.  This 
osazone  can  be  formed  either  from  diacetyl,  CH,COCOCH„  or 
from  dimethyl  ketol,  CH,— CHOH— CO— CH^.  The  latter  com- 
pound benig  a  ketone,  alcohol  is  closely  allied  to  the  sugars  and,  as 
described  by  Pechmann/  reduces  Fehling's  solution  strongly,  even 
in  the  cold. 

The  separation  of  the  two  osazones  just  described  from  the  de- 
teriorated vinegar  goes  to  confirm,  what  was  previously  surmised 
from  the  changes  in  reducing  power  and  rotation,  zHs,,  that  other 
reducing  substances  besides  levulose  must  be  present  as  a  con- 
sequence of  fermentative  changes.  As  a  matter  of  fact,  the  levu- 
lose seems  to  have  disappeared  completely,  since  no  traces  of 
other  osazones  besides  the  two  mentioned  could  be  found. 

As  a  remedy  against  deterioration,  vinegars  intended  for 
storage  should  be  racked  off  into  clean  casks,  the  latter  filled  full 

1  Piacher :  /?«r.  d.  cJUm.  G».^  ai,  989-99^. 

•  See  ToUena :  "Die  Kohlenhydratc/*  Bd.  II,  p.  39  and  p.  135 ;  alao  MaquenAe :  "Z<e 

p.  3^ 
'Pedunann  :  B«r.  d,  cMem,  Ges,^  ai,  1754. 
«Pcelmiann :  /Mt,  aa,  22x4. 
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and  tightly  bunged.  Since  none  of  the  acetic  organisms  can 
thrive  without  air,  their  further  development  is  thus  prevented, 
and  the  loss  from  destructive  fermentation  reduced  to  a  minimum. 

MISCELLANEOUS  RESULTS. 

In  the  following  tables  a  few  miscellaneous  results  are  given, 
which  may  have  a  certain  interest,  though  not  bearing  directly 
upon  the  main  part  of  the  fermentation  experiment. 

The  Composition  of  Vinegar  Settlings.  During  the  alcoholic 
and  acetic  fermentation  a  large  quantity  of  matter  settles  to  the 
bottom  of  the  cask.  A  quantity  of  this  material,  as  obtained 
from  the  cask  at  the  close  of  the  fermentation  experiment,  was 
filtered  off,  washed,  and  submitted  to  an  examination. 

The  material,  which  was  of  a  brownish  color,  was  seen  under 
the  microscope  to  consist  largely  of  dead  yeast  cells ;  fragments  of 
mother,  particles  of  pomace,  and  amorphous  flocks  of  a  pectinotis 
character  were  also  observed.  In  addition  to  these  was  noted  a 
number  of  spherical  bodies,  more  or  less  marked  with  a  linear 
depression,  which  were  stained  blue  with  iodine.  Measurements 
showed  these  to  range  in  size  from  0.004  i^^*  to  0.016  mm., 
which  thus  identifies  them  with  die  starch  granules  of  the  apple.^ 
This  starch,  which  was  removed  from  the  apple  at  the  time  of 
pressing  the  cider,  settles  out  and  remains  unaffected  by  the 
fermentation. 

An  analysis  of  the  dried  settlings  showed  them  to  have  the  fol- 
lowing composition: 

Table  III. 

Percent. 

Moisture 4.91 

Fat 1.69 

Protein 20.13 

Ash 2.65 

Crude  fiber 5.69 

Nitrogen-free  extract ^'93 

A  determination  of  pentosans  showed  only  1.48  per  cent.,  so 
that  the  high  percentage  of  nitrogen-free  extract  remains  un- 
accounted for.  The  amounts  of  starch  and  pectin  present  were 
not  determined,  and  these  no  doubt  would  make  up  a  considerable 
part  of  the  deficiency. 

Composition  of  Ash, — Analyses  were  made  of  the  ash  from  the 
apples  and  cider  used  for  the  fermentation experimentand of  theash 
from  the  settlings,  taken  from  thecaskafterclosingtheexperiment. 

>  Bulletin  No.  58,  Pennsylvania  Department  of  Agriculture,  p.ia. 
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Tablk  IV. 

Ash  of  apples.  Ash  of  dder.  Ash  of  settlings. 

Per  cent.  Per  cent.  Per  cent 

K,0 58.31  60.60  19.94 

Fe,0,  and  Al,Os 1 2. 26  6.00  19-97 

CaO .undetermined.  1. 15  4<  I7 

MgO undetermined.        undetermined.  3.22 

P1O5 12.51  7.12  29.64 

SOs 6.87  4.15  0.14 

SiO, 1.65  1.90  24.23 

Undetermined  COj, etc     8.40  19.08  •••• 

The  high  percentage  of  silica  and  phosphoric  acid  in  the  ash  of 
the  settlings  is  noteworthy ;  no  carbonates  were  present. 

In  concluding,  the  writer  expresses  acknowledgment  to  Messrs. 
C.  P.  Beistle  and  A.  N.  Diehl,  former  assistants  at  this  experiment 
station,  for  help  in  much  of  the  analytical  work  of  the  foregoing 
experiments,  and  also  to  Dr.  William  Frear  for  his  encourage- 
ment and  many  kindly  suggestions,  and  under  whose  initiative 
the  work  was  first  begun.  The  writer  owes  an  especial  debt  of 
gratitude  to  his  former  teacher,  Professor  Alfred  Koch,  of 
Gottingen  University,  for  much  valuable  advice  and  information 
upon  this  subject  of  fermentation. 
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INTRODUCTION. 

Some  years  since,  while  engaged  in  the  study  of  the  phenomena 
of  fatigue  and  breathlessness,  the  senior  author  of  this  contribution 
was  struck  with  an  apparent  resemblance  to  the  phenomena  en- 
countered when  caffeine  is  administered  in  toxic  doses.  It  seemed 
clear  that  the  phenomena  of  fatigue  were  largely  due  to  the  action 
of  a  chemical  substance  present  in  toxic  quantity  in  the  blood- 
stream, and  that  this  substance  had  its  origin  in  the  muscles,  t.  e,, 
that  the  metabolism  within  the  muscles  undergoing  excessive 
exercise  was  accompanied   with   a   production   of  incompletely 
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oxidized  chemical  complexes,  that  these  complexes  possessed  toxic 
qualities,  and,  transported  by  the  blood-stream  throughout  the 
body,  gave  rise  to  the  phenomena  grouped  under  fatigue.  Fatigue 
then  arises  from  autointoxication,  but  die  toxic  substances  are  not 
the  simple  end-products,  urea,  carbon  dioxide,  etc.,  but  are  fcir 
more  complex  bodies,  among  which  may  possibly  be  found  one  or 
more  of  the  alkyl  derivatives  of  xanthine.  A  preliminary  investi- 
gation pointed  to  the  presence  of  methyl  derivatives  of  xanthine, 
and  encouraged  further  prosecution  of  the  inquiry;  but  multi- 
tudinous duties  stopped  the  work  before  fruitful  results  were 
obtained.  The  research  was  not  again  entered  upon  until  during 
the  session  of  1901-1902,  when  the  present  investigation  was 
undertaken  in  conjunction  with  Miss  Margaret  HoUiday. 

It  should  be  distinctly  understood  that  the  results  here  presented 
are  not  offered  as  a  solution  of  the  problem  of  fatigue,  but  the 
data  thus  far  accumulated  are  of  sufficient  interest  to  justify  publi- 
cation, and  they  represent  at  least  a  modest  contribution  to  the 
chemistry  of  the  subject.  The  main  problem  will  be  further 
investigated. 

Lombard*  states  that :  "The  working  cell  liberates  energy  at  the 
expense  of  its  store  of  nutriment  and  oxygen,  and  through  oxida- 
tion processes  forms  waste-products  which  are  poisonous  to  its 
protoplasm.  The  fatigue  which  results  from  functional  activity 
has,  therefore,  a  twofold  cause,  the  decrease  in  energy-holding" 
compounds  available  for  work  and  the  accumulation  of  poisonous 
waste-matters."  A  similar  statement  is  made  by  other  physiolo- 
gists; but  it  will  be  seen  that  such  statements  are  only  broad 
generalizations,  and  when  specific  information  concerning  the 
nature  of  the  waste-products  and  the  chemistry  of  their  formation 
and  action  is  sought,  it  then  becomes  apparent  that  a  very  large 
field  for  chemical  research  needs  to  be  more  deeply  explored.  It 
is  equally  clear  that  this  field  of  investigation  is  full  of  difficulties, 
and,  therefore,  presents  opportunities  for  numerous  investigators. 
Like  all  biochemical  problems,  it  includes  a  large  amount  of  virgin 
soil. 

The  main  object  of  this  particular  research  was  to  shed  some 
light  upon  the  chemical  nature  of  the  metabolites  which  gain 
access  to  the  blood-current  during  excessive  musculkr  exertion. 

I  IfOmbard :  "  An  American  Text-Book  of  Physiology,**  Z90X,  Vol.  II,  p.  70. 
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It  was  not  expected  that  anything  approaching  a  solution  of  the 
problem  would  be  speedily  gained,  but  a  hope  of  progress  was 
entertained,  and  a  definite  plan  of  work  for  the  future  has  been 
evolved.  The  question  of  the  production  of  the  methyl  deriva- 
tives of  xanthine  within  the  muscles  at  the  time  of  excessive 
muscular  exertion  and  their  discharge  into  the  blood-stream  was 
especially  investigated,  and  every  precaution  was  taken  to  exclude 
the  access  of  these  bodies  through  extraneous  sources.  The 
results  are  presented  upon  their  own  merits.  A  fuller  discussion 
will  accompany  a  later  investigation. 

ANALYTICAL   METHODS   USED. 

A  great  deal  of  time  was  devoted  to  the  calibration  of  appa- 
ratus, and  to  the  trial  of  the  numerous  analytical  methods  used  in 
biochemical  work  with  a  view  to  ascertain  the  limits  of  accuracy 
and  suitability  for  this  particular  inquiry.  The  usual  numerous 
disappointments  were  encountered;  and  some  of  the  methods 
finally  adopted  are  far  from  being  wholly  satisfactory.  Some  of 
the  tabulated  results  well  illustrate  this  statement  of  fact.  In 
some  instances  results  obtained  by  two  or  more  entirely  different 
methods  are  recorded. 

The  methods  of  analysis  adopted  by  the  Association  of  Official 
Agricultural  Chemists*  were  used  for  the  analysis  of  food-stuffs. 
Total  nitrogen  of  the  urine  and  of  the  feces,  the  nitrogen  in  the 
phosphotungstic  acid  precipitate,  in  the  xanthine  silver  precipitate, 
theobromin  silver  precipitate,  and  purine  copper  precipitate,  was 
determined  by  the  Kjeldahl-Gunning  method;  the  nitrogen  as 
urea  was  determined  by  the  method  of  A.  Braunstein,*  and  also 
by  the  well-known  sodium  hypobromite  method,  and  the  filtrate 
from  the  phosphotungstic  acid  precipitate  was  similarly  treated; 
nitrogen  as  ammonia  was  determined  by  the  method  of  O.  Folin  ;• 
the  nitrogen  as  uric  acid  by  the  method  of  E.  H.  Hartley;*  the 
phosphates  were  determined  by  titration  with  a  standardized  solu- 
tion of  a  uranium  salt ;  sulphates  were  determined  gravimetrically 
as  barium  sulphate,   following  the  method  of  O.   Folin;'  the 

1  Bulletin  No.  46,  revised  edition,  U.  S.  Department  of  Agriculture,  Division  of  Chem- 
istry. *«  Methods  of  Anslysis.*' 

*  A.  Bnnnstein  :  Th£  Anafysi,  a6.  No.  304,  p.  193. 
s  Otto  Polin :  /did.,  37,  No.  310,  p.  ao. 

*  B.  H.  Baitley :  This  Journal*  19,  649. 
»  Otto  Polin  :  Am.  Journal  of  Physiology  y  7,  158. 
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chlorine  was  determined  by  Volhard's  method.  In  the  prelimi- 
nary experiments  with  the  phosphotung&tic  acid  solution,  it  was 
found  that  the  separation  of  caffeine,  from  mixed  solutions  of 
urea,  uric  ^cid,  hippuric  acid  and  caffeine,  was  more  easily  and 
completely  effected  when  hydrochloric  acid  was  used  in  place  of 
sulphuric  acid;  accordingly,  the  phosphotungstic  acid  precipitate 
in  which  the  nitrogen  was  quantitatively  determined  was  obtained 
by  this  method.  The  urine  (acidified  with  hydrochloric  acid  and 
the  precipitant  were  both  brought  to  the  boiling-point  and  thor- 
oughly mixed ;  and  the  filtration  and  washing  of  the  precipitate 
was  carried  out  with  a  hot-water  funnel.  The  methyl  derivatives 
of  xanthine  were  sought  by  two  methods:  (i)  that  of  Martin 
Kriiger  ;^  (2)  that  of  H.  W.  Harper :  a  measured  quantity  of  urine 
is  evaporated  to  dryness  on  a  water-bath  and  the  residue  is  ex- 
tracted with  successive  portions  of  hot  purified  chloroform ;  this 
solution  is  treated  with  animal  charcoal,  filtered  hot  and  the  dis- 
solved salts  obtained  by  fractional  crystallization.  In  one  of  the 
precipitates  obtained  by  the  method  of  Kriiger  the  nitrogen  was 
determined  by  the  absolute  method.  Particular  pains  were  taken 
to  obtain  and  use  nitrogen-free  reagents,  and  the  Kjeldahl- 
Gunning  determinations  Were  carried  out,  as  usual,  with  the 
parallel  blank.  The  determinations  were  mostly  made  in  dupli- 
cate and  triplicate.  The  specific  gravity  was  taken  with  a 
pycnometer.  The  calculations  are  on  the  basis  of  O  =  16  (Inter- 
national Table  of  Atomic  Weights,  1902). 

EXPERIMENTAL  PART. 

Mr.  M.  B.  W.,  a  senior  student  in  the  University  of  Texas,  was 
selected  for  the  experiment.  He  was  twenty  years  of  age,  five 
feet  and  eleven  inches  high,  weighing  134.5  pounds,  and  of 
exemplary  habits.  He  had  never  used  coffee,  tea,  tobacco,  or 
alcoholic  liquors,  nor  had  he  tasted  chocolate  in  six  months. 
Throughout  the  period  of  the  experiment  it  was  not  possible  for 
any  of  the  methyl  derivatives  of  xanthine  to  gain  access  to  his 
system  from  without. 

The  experiment  began  at  8  a.m.,  Sunday,  May  nth,  and  ended 
at  8  A.M.,  Tuesday,  May  20th,  continuing  nine  days. 

The  diet  was  planned  to  keep  the  subject  in  nitrogen  equilib- 

1  Bimitin  Krflger :  Ber,  d.  eJUm.  Ga.,  aa,  aSai. 
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ritun.  It  contained  whole  milk,  butter,  bread,  eggs,  Malta-vita, 
sugar,  lemons,  and  now  and  then  a  banana.  An  accurate  account 
was  kept  of  the  weight  of  the  foodstuffs  consumed,  and  each  day 
samples  of  the  milk  and  bread  were  taken  and  the  nitrogen  of  the 
same  determined.  The  nitrogen  in  the  Malta-vita  and  that  in  the 
butter  was  likewise  determined,  while  that  in  the  eggs,  lemons  and 
bananas  was  calculated  from  values  given  in  Bulletin  No.  28  (re- 
vised edition) — "The  Chemical  Composition  of  American  Food 
Materials."^ 

The  experiment  was  divided  into  three  periods  of  three  days 
each — a  period  of  rest,  a  period  of  excessive  exercise,  a  second 
period  of  rest.  Throughout  the  periods  of  rest  the  subject  con- 
fined himself  to  the  performance  of  his  usual  routine  college 
duties.  During  the  middle  period,  in  addition  to  his  usual  routine, 
he  was  required  each  day  for  three  days  to  indulge  in  a  hurdle 
race  until  he  fell  exhausted. 

The  urine  was  collected  in  clean  tared  bottles,  retained  in  a 
refrigerator  until  the  output  of  twenty- four  hours  was  voided, 
then  weighed,  thoroughly  mixed  and  analyzed. 

The  feces  corresponding  to  the  food  eaten  during  each  of  the 
three  periods  were  separated  in  the  usual  manner  by  means  of 
willow  charcoal.  Four  capsules  were  taken  with  the  supper  of 
May  loth;  four  capsules  with  the  breakfast  of  May  14th;  four 
capsules  with  the  supper  of  May  i6th ;  and  four  capsules  with  the 
breakfast  of  May  20th.  The  feces  between  the  first  and  second 
charcoal  represented  the  first  period;  that  including  the  second 
and  third  charcoal  marked  the  second  period ;  and  that  between 
the  third  and  fourth  charcoal  marked  the  third  period.  The  feces 
were  weighed,  dried  at  60**  C,  again  weighed  and  analyzed. 

Because  of  a  misunderstanding,  the  pulse  and  temperature  were 
not  recorded  during  the  first  two  days  of  the  experiment.  The 
observations  subsequently  made  are  recorded  below. 

The  letters  A,  B,  C,  D,  E,  F,  G,  H,  I  represent  successive 
periods  of  twenty- four  hours  each  ;  A,  B,  C  represent  the  first 
period  of  rest,  D,  E,  F,  the  middle  period  (period  of  overexer- 
tion), G,  H,  I,  the  last  period  (second  period  of  rest). 

The  following  tables  include  the  more  important  results  of  the 
experiment 

\  **The  Chemical  Composition  of  American  Pood  Materials."  Bulletin  No.  23,  revised 
Cwoon,  U.  S.  Department  of  Agriculture,  Office  of  Experiment  Stations. 
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Tabids  I.— Pulsb  and  Tbmpbraturb  during  thb  Ezpbrimbmt. 

Before  exercise.  After  t 


I 

7.25  A.M. 
10.00  P.M. 

7.25  A.M. 
10.15  P.M. 

7.25  A.M. 
12.00  P.M. 

7.40  A.M. 

6.30  P.M. 
10.00  P.M. 

7.10  A.M. 
11.25  P.M. 

8.15  A.M. 
1 1. 10  P.M. 

7.45  A.M. 

2.00  P.M. 
10.50  P.M. 

Table  I  is 
exercise  upon 


i 

C13 
.D14 
E15 
F16 

G17 
H18 
I   19 


64 
60 
62 
60 
60 
78 
50 
69 
59 
58 
56 
65 
52 
62 

73 
62 


I.  I 

97.4  

97.2  

97.4  11.00  A.M. 

97.2  12.00  M. 

97.3  11.44  A.M. 
98.2  12.44  P.M. 

97.6  11.35  A.M. 

98.7  12.35  P.M. 

97.8    

97.7    

97.1    

97.2    

9^-3   

97.2   

98.2   

97.6   


134.5 


jl 


a 

K 

a . 


I 


134.5   106   98.8   134.25 
135.0    96   98.1   135.0 
133.75   98  98.2   133.75 


e  . 


202  98.0 

90  99.3 

180  99.0 

96  98.8 

192  98.6 

77  99.3 


self-explanatory.    The  influence  of  the  excessive 
the  temperature  is  clearly  shown. 


Tabi^b  II.— Wbight  and  Nitrogbn  Contbnt  of  Poods. 


•a 

3 

1 

Milk. 
Eggs  .... 
Bread .... 

Bread 

Butter  ...     17.5 
Malta-vita    51.0 


May  III  A. 


1840.3 

344-4 
965 


h 

0.432 

2.II2 
1.2936 


0.350 
2.918 


o 

l&i 

^    O 
7.9500 

7.2737 
1.2484 

0.0612 
1.4881 


Sugar. 


13.8 


4 

u 

& 

|§ 

1864.4 

267.4 

50.0 

60.1 

15.5 
16.0 

15.0 


May  13,  B. 

I 


May  13,  C. 

6 


I 


1*4 

0.432 
2.II2 


^   o 
8.0542 

5.6474 
1.2936  0.6468 
1.3754  0.8466 
0.350  0.0542 
2.918   0.4668 


^1 

1633.9 

270.9 

59.7 
42.5 

20.0 
t6.3 

202.0 

6-5 


o 

u 

0.565 

2. 1 12 

1.3754 
I.6917 

0.350 
2.918 
0.208 


Total  N  per  day. .  •  18.0214 


15.7160 


fit 

9.2315 
5.7214 
O.82IX 

0.7179 
0.0700 

0.4756 
0.4200 

17.4575 
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I  ^  !  "^  &  !  ^  ^         ^  ^ 

I  ^g         ^c       Egg       ig         §0        ifig        Ea        Sa       €)fli 

£  ^o       £        >^o      >o       £         >   o       >o      £        >   o 

May  14,  D.  May  25,  B.  May  16,  P. 

Milk laSi.i     0.535     6.85521307.6    0.547    6.60551255.3    0.565     7.0924 

Eggs 231.8  2.112    4-^56  380.9    3-113    5.9326    309.6    2.112    6.5387 

Bread-...  148.0  1.6917  2.5037  165.0    1.688    2.7852     i$i.o    z.52      2.2952 

Batter  ...  23.5  0,350    0.0822  54,3    0.350    0.1900      33.1    0.350    0.1158 

Malta-vita  10.3  2.918    0.3005        

Lemons..  48.0  0.160    0.0768  69.0    0.160    0.1104      68.0    0.160    0.1088 

Susar  • . .  •  24.5  .*••       ..«••  3^*^      ••.•       •••.«       3^.0      ••••       ••••• 


Total  N  per  day  . . . 

14.7140 

15.6237 

16.1509 

May  17, 

G. 

May  18,  H. 

May  19.  L       ^ 

Milk 1555.9    0-589 

9.1642 

789.6 

0.576 

4.5480 

958.6 

0.57       5.4640 

Eggs  ....   317.9    2.112 

6.7140 

310.9 

2.II2 

6.5662 

304.9 

2. 112     6.4394 

Bread 54.0    T.52 

0.8208 

72.0 

1.538 

I.IO73 

52.0 

1. 213     0.6307 

Bread —   167.0    1.538 

2.5684 

179.0 

I.213 

2.I712 

179.0 

1. 133     2.0280 

Butter...    41.6    0.350 

0.1456 

102.9 

0.350 

0.3601 

71.9 

0.350     0.2516 

MaltaviU      

19.3 

2.918 

0.5631 

... 



Lemons..    40.0    0.16 

0.0640 

46.0 

0.16 

0.0736 

49.0 

0.16       0.0784 

Bananas 

... 

... 

202.0 

0.208     0.4201 

Sugar....     32.0      .... 

55.0 

... 

57.0 



Total  N  per  day    ..   19.4770  15.3895  153122 

Table  IIL— Weight  and  Nitrogen  Content  of  Urine  Excreted. 

Weight  of 
Per  cent,  of  nitrogen.  nitrogen. 

Specific  gravity.  1.  2.  Average.       Grami. 

^•^I  ^'  1.0255        0.8623        0.8860       0.8741        15.5965 
^[^o  Q    I.0316        1.3577        1.3330       1.3453       15.4346 

^30  c  1.0317   1.2868   1. 2791   1.2829   16.0785 
2I.O**  C. 

2I.O*»  C. 

28.8^  c. 

28.8«  C. 
28.2**  C. 
28.2**  C. 


Date. 
May. 

190a. 

Weight  of 
unne. 
Grama. 

II  A 

1784.3 

12  B 

"47.3 

13  c 

1253.3 

14  D 

"934 

15  E 

1001.3 

16P 

676.0 

17  G 

1442.3 

18  H 

1509.3 

19  I 

1294.0 

1.0309  1.3980  1.3857  I.39I8  16.6097 

1.0378  1. 7301  1.6830  1.7065  17.0871 

1.0466  2.2260  2.2290  2.2275  15.0579 

?2dl£:  1.0285  1. 1714  1.1785  1.1749  16.9455 

27.4    V,. 

2d  8®  C 

^^'30  Q    10223  0.9854  0.9670  0.9762  14.5979 

28.0®  C.  ^  ^ 

^3qOc    10304  1.0931  1.0650  1.0790  13.9622 
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A,  B,  C,  first  period  of  rest 47-i09^ 

D,  £,  F,  period  of  overexertion 4^.7547 

G,  H,  I,  second  period  of  rest 45-50S^ 

Note. — Bach  date  represents  the  nrine  collected  in  twenty-four  houn, 
beginning  with  an  empty  bladder  at  8.00  a.m.,  on  the  dates  mentioned  and 
including  all  that  was  passed  from  that  lime  to  and  including  that  in  the 
bladder  at  8.00  a.m.  the  succeeding  day.  The  analytical  work  began  almost 
immediately  after  the  last  portion  of  each  day's  output  was  voided. 

Table  IV.— Weight  and  Nitrogen  Content  of  Dried  Feces. 


1 

A,  B,  C  period. 

a             a 

D,  B.  F  period. 

1              i              t 

G, 

1 

.0 

H,  I  period. 

III 

^  0 

1'^ 

k 

^    0 

"o 

M 

*o 

PI 

•5 

k 

•s 

41.0 

3- '69 

1.2992 

6.0 

2.976 

0.1785 

14.0 

3.65 

o.5"o 

26.0 

3.434 

0.8928 

12.0 

3.379 

0.4054 

II.O 

3-6*5 

0.3987 

13.0 

3.0526 

0.3968 

18.0 

3.42 

0.6156 

32.0 

3.»73 

1.0153 

II.O 

3.571 

0.3928 

... 

... 

... 

•  •  •  « 

Total  91.0  2.9816    36.0  1.^995      57-0  1.9250 

30.3  average      0.9938    12.0  average      0.3998      19.0  average    0.6416 

Note. — ^The  total  nitrogen  of  each  period,  divided  by  three,  furnishes  the 
value  used  in  obtaining  the  daily  nitrogen  balance  (see  Table  V). 


Table  v.— Income  and  Outgo  of  Nitrogen. 

Nitrogen. 


, 

In  food 

Gain  + 

Date, 

In  food. 

In  feces. 

assimilated. 

In  urine. 

or  loss  — . 

May,  190a. 

Grams. 

Gram. 

Grams. 

Grams. 

Grams. 

II  A 

18.0214 

0.9938 

17.0276 

15.5965 

+1.43" 

12  B 

15.7160 

0.9938 

14.7222 

15.4346 

-0.7124 

13  c 

17.4575 

0.9938 

16.4637 

16.0785 

+0.3852 

14  D 

14.7140 

0.3998 

14.3142 

16.6097 

—2.2955 

15  E 

15.6237 

0.3998 

15-2239 

17.0871 

-1.8632 

16  F 

16.1509 

0.3998 

15.75II 

15.0579 

+0.6932 

17  G 

19.4770 

0.6416 

18.8354 

16.9455 

+1.8899 

i8H 

'5.3895 

0.6416 

14.7479 

14.5979 

+0.1500 

19  I 

15.3122 

0.6416 

14.6706 

13.9622 

+0.7084 

A,  B,  C. 

first  period 

of  rest 

48.2135 

47.1096 

+I.1039 

D,  E.  F, 

period  of  overexertion. 

45.2892 

48.7547 

—3.4655 

G,  H,  I, 

second  period  of  rest  • .  • 
>tal  firain  during  the  exp< 

48.2539 
^riment  (nin 

45.5056 
edays) 

+2.7483 

T< 

+0.^867 
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Tabids  VI. — ^Nitrogen  as  Ammonia,  as  Uric  Acid,  in  Xanthine  Silver 

Precipitate,  in  Phosphotungstic  Acid  Precipitate,  in  Filtrate 

PROM  THE  Phosphotungstic  Acid  Precipitate  Treated 

WITH  SODITTM  HVPOBROMITE,  AS  Urea  (a)  NaOBr 

Method,  (d)  Braunstbin's  Method. 

I     "        I      I       ?|       ?s.         s.      -I 

-    Ui    li    m  lUi  fill     sif    dl 

Q  ^O            DO  XOAtOSo                 DO  DO 

II A  •  0.3834  0.4285      0.0662                    *  12.7875               *♦ 

12  B  I.4721  0.2426  0.2062      0.2158          12.7207  11.7550  12.1712 

13  C  0.5108  0.2434  a2284  0.3002  13.0275  12.2613  13-8104 
14D  0.7219  0.3385  0.4013      0.1937         133597  12.7995  12.9025 

15  S      0.7194  0.3053  0.3252  0.5008  13.6^7         10.8473  13-7192 

16  F     0.4309  0.3252  0.2311  0.1548  9.0667          11.593B  11.6234 

17  G      1. 0817  0.3190  0.3932  0.2818  11.8519          12.9817  ** 

18  H  1.0186  0.2931  0.1608  0.1941  II. 1050  12.4524  ** 
19 1  0.5988  0.2361  0.2748  0.2791  9.2599  10.9623  10.0913 
A.B,C   0.8694  0.8631  0.5822  (first  period  of  rest) 

B,E,P  1.8722      0.9690      0.9576      0.8493    (period  of  OTerexertion) 
G,H,  1 2.6991      0.8482      0.8288      0.7550    (second  period  of  rest) 

Note. — ^*Lost ;  **re8ults  entirely  too  large  to  be  trustworthy— discovered 
too  late  to  make  another  trial  by  this  method. 

Until  analytical  methods  exhibiting  greater  accuracy  than  now 
at  our  command  are  devel(q>ed  all  attempts  to  produce  a  balance 
sheet  of  the  nitrogenous  constituents  of  the  urine  will  prove  un- 
satisfactory. 

Table  VII.— The  P,05,  SO,,  and  CI  Content  of  the  Urine. 

Bate, 

Hay,  Volume,  PsO».  PtO».  SOg.  SO|.  Clf.  Clf. 

X903.         cc.  at  25<>  C.     Per  cent.       Grams.       Per  cent.      Grama.      Per  cent.      Grama. 

II A  I744-0  0.179  3.1247  0.166  2.9107  0.313  5-4714 

12  B  1 1 153  0.263  2.9340  0.237  2.6521  0.237  2.6489 

13  C  1218.3  0.271  3.3030  0.233  2.8410  0.260  3.1742 

14  D  1161.0  0.266  3.0929  0.250  2.9083  0.157  1. 8314 

15  E  967.5  0.324  3.1366  0.308  2.9857  0.228  2.2121 

16  F  647.7  0-404  2.6218  0.410  2.6555  0.221  1.4359 
170  1406.3  0.218  3.0657  0.197  2.7802  0.276  3.8885 
18  H  1481.5  0.188  2.7948  0.174  2.5837  0.262  3.8864 
19 1  1259.4  0.232  2.9250  0.197  2.4898  0.402  5.0671 

A,  B,  C        ....  9.3617          8.4038  ....  11.2945 

D,  E,  P  8.8513  ....  8.5495  ....  5.47B5 

0,H,  I       ....  8.7855  ....  7-8537  ••••  12.8420 
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I 


•     •     •     •     •     •     ■ 

8 

9>S 

J? :  :  S-R^S 
^  :  :  *o  i-i «  M 

8 
8' 

^^?^S 

5?8 

r^  ci  M  M  M 

^:?8 

:8!?S5S  RffIS 

I  ci  n  M  M 

^55,18 

S«v?^» 


00  M  I  o 


.a  i«  g 


t3pP 
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Tabi,b  IX.— Ratios. 

iooN|: 


C»y.  1909. 

PfO,. 

SC 

CI. 

xooSO,: 
PiO,.' 

XI  A 

20.0346 

18.6625 

35.0809 

107.3521 

13  B 

19.0092 

17.1828 

10.6831 

110.6293 

13  c 

20.5429 

17.6695 

19.7418 

X16.2618 

14  D 

18.6210 

17.5096 

ZX.2060 

106.3473 

15  B 

18.3565 

17.4734 

12.3607 

105.0540 

i6P 

17.4x14 

17.635a 

9.5298 

98.7309 

17  G 

18.0915 

16.4067 

22.9470 

1x0.2690 

18H 

191452 

17.6991 

26.6230 

108.1704 

19  I 

20.9494 

17.8324 

36.2915 

117.4793 

A.B, 

C 

19.8721 

17.8388 

23.9751 

XI  1.3984 

D,E, 

P 

18.1547 

17.5357 

11.2368 

103.5300 

G,H, 

I 

19.3064 

17.2587 

28.2207 

III.8644 

Jt  X.- 

-Thbobrominb 

AND  Purine  Basks  Obtainrd  by  KrI) 

Method. 

Grmras  theobromine 

Grams  copper 
precipiute,  nitrogen. 

nitrogen. 

13  c 

0.0325 

O.OI5I 

14  D 

0.0387 

0.0027 

15  E 

0.1245 

O.OOOI 

16  F 

0.5742 

0.0086 

17  G 

0.2932 

0.0041 

18  H 

0.0109 

0.0064 

19  I 

0.0782 

0.0x06 

In  order  to  have  a  permaxient  record  of  a  crystalline  compound 
present  in  the  urine  during  the  period  of  overexertion,  but  not 
found  in  the  urine  of  the  oUier  periods,  except  in  the  urine  of  the 
first  day  succeeding  the  middle  period,  microphot(^aphs  of  the 
crystals  were  made,  but  their  publication  is  withheld  until  the 
compound  can  be  definitely  identified.  In  appearance,  these 
crystals  closely  resemble  crystals  of  caffeine  and  caffeine  nitrate ; 
but  the  yield  was  too  small  to  afford  a  quantity  of  pure  crystals 
sufficient  for  a  combustion.  A  nitrogen  determination  (by  the 
absolute  method)  was  made  of  a  mixture  of  the  crystals  Obtained 
from  urines  D,  E,  and  F,  by  the  Kriiger^  method ;  but,  on  account 
of  impurities  present,  the  result  is  not  conclusive  beyond  the 
demonstration  of  the  presence  of  nitrogen  in  the  compound. 

In  an  attempt  to  observe  the  melting-point,  the  mass  darkened 
but  did  not  liquefy  ait  250**  C,  but  small  needle-shaped  crystals 

>  Martin  Krtlger :  Lac.  cit. 
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were  found  in  the  upper  part  of  the  tube  when  examined  under 
the  microscope. 

Upon  incineration,  the  D,  E,  F  mixture  yielded  6343  per  cent, 
ash  (mostly  sodiiun  carbonate)  and  36.57  per  cent,  (by  diflference) 
volatile  organic  substance. 

0-0453  gram  of  substance  gave  2.8  cc.  nitrogen  at  30®  C,  751 
mm.,  =  6.35  per  cent,  nitrogen.  On  this  basis,  the  organic  matter 
volatilized  contained  17.36  per  cent,  nitrogen.  This  is  entirely 
too  low  for  caffeine,  but  it  closely  approximates  the  amount  of 
nitrogen  found  by  Adolf  JoUes*  in  the  phosphotungstic  acid  pre- 
cipitate of  theophylline  (17.04  per  cent,  nitrogen).  Jolles  con- 
tends that  phosphotungstic  acid  precipitates  only  that  portion  of 
the  purine  bases  in  which  the  nitrogen  is  attached  to  the  methyl 
groups,  and  that  the  remainder  of  the  base  is  split  off  as  urea. 
Thus  far  we  have  made  no  attempt  to  corroborate  the  work  of 
Jolles,  but  shall  give  it  attention  in  a  subsequent  investigation. 
On  the  basis  of  the  original  substance,  the  nitrogen  found  (6.35 
per  cent.)  closely  approximates  the  amount  present  in  cynurenic 
acid — CjoH^NO,  +  HjO  =  6.76  per  cent,  nitrogen ;  but  the  large 
amount  of  ash  precludes  this  substance,  as  does  also  the  method 
by  which  the  crystals  were  obtained. 

The  crystals  obtained  by  the  method  of  Harper^  from  measured 
quantities  of  the  corresponding  twenty-four  hours  urine  were  well 
defined  (some  of  them  could  be  plainly  seen  with  the  unaided  eye) 
but  a  brownish  ''smear"  soluble  in  chloroform  contaminated  them, 
and  the  quantity  obtained  was  too  small  to  provide  an  amount  of 
pure  crystals  sufficient  for  a  combustion. 

The  second  method  is  so  much  simpler  than  that  of  Kruger 
that  an  attempt  will  be  made  shortly  to  secure  lai^e  quantities  of 
this  crystalline  compound  with  a  view  to  definitely  determine  its 
constitution. 

SUMMARY. 

I.  The  influence  of  fatigue-stuffs  upon  the  pulse  and  tempera- 
ture is  shown  in  Table  I.  Similar  observations  have  been  re- 
peatedly made.  The  subject  complained  of  headache  during  the 
afternoon  of  D  and  the  greater  part  of  E  and  F. 

1  Adolf  Jolles  :  Btr.  d.  ckem.  Ges.,  33,  2119-2121. 

s  H.  W.  Harper :  In  the  context  of  this  commanicstion— Analyticsl  methods. 
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2.  Tables  II,  III,  and  IV  are  self-explanatoty.  The  urine  of 
the  entire  experiment  exhibited  an  add  reacticm,  was  normal  in 
color  and  odor.  As  would  be  expected,  the  specific  gravity  curved 
upward  during  the  middle  period,  and  this  period  was  also 
marked  by  a  copious  deposit  of  urates.  The  diazo  reaction  was 
practically  uniform  throughout  the  entire  experiment.  The  reac- 
tion for  indican  was  faint  except  in  the  F  and  G  urines — these 
contained  notable  quantities ;  most  marked  in  G. 

3.  The  income  and  outgo  of  nitrogen  as  shown  in  Table  V 
presents  some  very  interesting  features : 

(a)  In  the  food  eaten  the  nitrogen  content  was  largest  in  that 
of  the  first  period,  smallest  in  that  of  the  middle  period. 

(h)  The  total  nitrogen  assimilated  was  largest  in  the  third 
period,  smallest  in  the  middle  period. 

(c)  The  action  of  the  digestive  tract  upon  the  nitrogenous  food 
was  greatest  during  the  middle  period,  least  during  the  first 
period.  Of  the  total  nitrogen  in  the  food  consumed  during  the 
successive  periods  94  per  cent,  was  appropriated  during  the  first 
period,  97  per  cent,  during  the  second  period,  and  96  per  cent, 
during  the  third. 

(d)  The  output  of  nitrogen  was  largest  during  the  middle 
period,  smallest  during  the  third  period. 

(e)  In  the  nitrogen  balance  there  was  a  decided  loss  during  the 
middle  period,  a  gain  during  the  other  two  periods — ^the  third 
period  showing  the  largest  gain.  Taking  the  nine  days'  experi- 
ment as  a  whole  the  subject  made  a  small  absolute  gain  in 
nitrogen.    No  permanent  injury  resulted  from  the  experiment. 

4.  The  results  given  in  Tables  VI  and  VIII  are  very  interesting, 
but  their  discussion  had  best  be  postponed  until  an  absolute 
method  for  the  determination  of  urea,  when  mixed  with  its  con- 
geners, is  devised. 

5.  While  the  results  given  in  Tables  VII  and  IX  have  no  direct 
bearing  upon  the  production  of  alkyl  derivatives  of  xanthine  dur- 
ing excessive  muscular  exercise  they  throw  some  light  upon  the 
chemical  aspect  of  metabolism,  and,  therefore,  are  of  value.  The 
output  of  phosphoric  anhydride  was  greatest  during  the  first 
period  of  rest,  and  least  during  the  last  period.    The  subject  did 
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more  mental  work  during  the  first  period  than  during  either  of 
the  subsequent  periods.  It  should  also  be  borne  in  mind  that  he 
suffered  with  headache  during  the  middle  period  and  the  beg^- 
ning  of  the  third  period.  It  is  not  claimed  that  the  increase  in 
the  output  of  phosphoric  anhydride  during  the  first  period  is  due 
to  mental  exertion.  While  such  an  idea  naturally  suggests  itself, 
no  precautions  were  taken  to  safeguard  this  point,  and  the  data 
here  presented  are  too  meager  tq  warrant  a  conclusion  thereon. 

The  output  of  sulphuric  anhydride  was  greatest  during  the 
middle  period,  and  least  during  the  last  period.  The  reverse  of 
this  is  shown  in  the  case  of  the  chlorine.  The  decrease  in  the 
chlorine  output  during  the  middle  period  is  very  marked,  as  is 
also  its  rise  in  the  last  period.  As  far  as  we  know,  this  observa- 
tion is  entirely  new.  The  amount  of  sodium  chloride  daily  con- 
sumed was  practically  uniform  throughout  the  three  periods 
(nine  days  total).  The  osmotic  movement  from  the  blood  to  the 
cutaneous  emunctories  during  the  period  of  excessive  exercise 
may,  in  part,  explain  the  facts  observed;  but  it  should  be  re- 
membered that  the  daily  period  of  excessive  muscular  exertion 
was  of  short  duration. 

The  table  showing  the  relative  amounts  of  PaO,,  SO,  and  CI  is 
particularly  interesting.  The  ioo  N,  rPjOg,  CI,  and  the  lOO  SO, : 
PaOg  ratio?  seem  to  indicate  that  the  role  played  by  complexes 
containing  these  particular  bodies  is  decidedly  influenced  by  ex- 
cessive exercise. 

6.  Evidence  of  the  presence  of  methyl  derivatives  of  xanthine 
is  presented  in  Table  X.  This  evidence  finds  further  support  in 
the  microphotographs  of  a  crystalline  substance  obtained  from 
the  phosphotungstic  acid  precipitate  by  the  method  of  Kriiger, 
and  of  those  obtained  by  the  chloroform  method.  Thci  quantity 
of  crystals  obtained  in  a  state  of  purity  was  insufficient  for  a  com- 
bustion. However,  a  nitrogen  determination  (by  the  absolute 
method)  was  made  of  some  of  the  contaminated  crystals  that  we 
might  at  least  prove  or  disprove  the  presence  of  nitrogen  in  the 
compound.  The  results  obtained  are  given.  It  will  be  seen  that 
the  nitrogen  is  too  low  for  any  of  the  known  methyl  derivatives 
of  xanthine.  In  the  context  will  be  found  a  fuller  discussion  of 
this  point. 


HAWAIIAN  SOILS.  47 

7-  Thus  far  this  investigation  has  thrown  some  new  light  upon 
the  chemistry  of  fatigue,  but  much  additional  work  is  yet  to  be 
done  before  the  theoretical  discussion  of  the  results  may  be 
profitably  entered  upon.  The  inquiry  will  be  further  pursued  in 
this  laboratory. 

In  conclusion  the  authors  acknowledge  their  sincere  thanks  for 
assistance  rendered  by  Messrs.  F.  C.  Beall,  O.  D.  Hargis,  H. 
Kuehne,  and  M.  B.  Wesson. 

KoTB. — ^This  communication  is  dated  June,  1902,  because  the  experimental 
part  was  complete  by  that  time.  However,  the  results  were  not  put  in  their 
present  shape  for  publication  until  September,  1902,  the  duties  incident  to 
tl&e  close  of  the  session  making  it  impossible  to  shape  the  results  at  an  earlier 
date. 

The  Ukxvbrsity  of  Tsxas,  Chemical  I^aboratort, 

AUSTIN,  Tbxas,  June,  1903.  ^ 


ON    THE     FIXATION    OF     AMMONIA    AND    POTASH    BY 
HAWAIIAN  SOILS. 

By  J.  T.  Crawley  and  R.  A.  Duncan. 

Received  September  30. 190s. 

In  this  Journal,  24,  11 14,  will  be  found  a  paper  by  the  writer  on 
the  "Fixation  of  Phosphoric  Acid  in  the  Soil."  This  paper  will 
record  results  on  the  fixation  of  the  other  chief  fertilizer  con- 
stituents, ammonia  and  potash.  The  same  methods  described  in 
that  work  were  followed  in  these  experiments,  and  the  results, 
therefore,  can  be  compared  with  each  other.  The  main  object  is 
to  find  the  depth  in  the  soil  at  which  the  chief  fertilizing  materials 
are  fixed  and  to  determine  the  loss  by  drainage  wheo  the  applica- 
tion is  followed  by  a  heavy  irrigation.  A  given  weight  of  the 
commercial  article  containing  ammonia  and  potash,  namely,  sul- 
I  phate  of  ammonia  and  sulphate  of  potash,  is  applied  to  the  soil, 

I  and  this  is  irrigated  with  3  or  4  inches  of  water  (the  usual  irri- 

!  gation  as  practiced  on  the  plantations),  the  drainage  collected  and 

V  analyzed.    The  difference  between  the  amount  applied  and  that 

I  found  in  the  drainage  is  the  amount  abstracted  or  held  by  the 

<  soil.    By  varying  the  depth  of  soil  we  find  the  depth  at  whidi  the 

ingredients  are  fixed.  Boxes  (9  inch  cube)  with  holes  in  the  bottom 
for  the  escape  of  water  were  used  in  the  experiment.    In  all  cases 


48  J.  T.  CRAWI^EY  AND  R.  A.  DUNCAN. 

4800  cc.  of  water  were  poured  upon  the  soil,  and  the  time  necessary 
for  the  excess  to  drain  off  is  given. 

I.      FIXATION  OF  AMMONIA. 

Ten  grams  of  commercial  sulphate  of  ammonia,  containing 
2.478  grams  ammonia  were  used  in  each  case. 

(i)  Six  inches  of  soil;  the  sulphate  was  scattered  over  the  soil 
and  4800  cc.  water  were  added;  11 30  cc.  drained  through  within 
seventeen  minutes,  containing  0.0038  gram  ammonia  or  0.155  per 
cent  of  total  applied. 

(2)  Four  inches  of  soil;  drainage  was  completed  in  twelve 
hiinutes ;  2180  cc.  water  passed  through,  containing  0.0464  gram 
ammonia  or  1.387  per  cent,  of  total. 

(3)  Two  inches  of  soil;  drainage  was  completed  in  thirteen 
minutes ;  3280  cc.  water  were  recovered,  containing  0.3400  gram 
ammonia,  or  13.88  per  cent  of  total. 

(4)  One  inch  of  soil;  drainage  was  completed  in  seventeen 
minutes;  4000  cc.  water  were  recovered,  containing  1.2328  grams ' 
ammonia,  or  49.79  per  cent,  of  total. 

Putting  these  results  together,  we  have : 

Table  I.—Fixation  of  Ammonia. 

Depth  of  soil.  Ammonia  retained. 

Inches.  Per  cent. 

6  99.85 

4  98.13 

2  86.12 

I  50.21 

In  these  experiments  we  see  that  with  irrigation  following  the 
application  of  sulphate  of  ammonia,  one-half  is  retained  in  the 
first  inch,  more  than  four-fifths  within  the  first  2  inches  and 
almost  all  within  4  inches  of  soil. 

In  order  to  determine  if  the  ammonia  retained  has  been  firmly 
fixed  and  is  insoluble  in  water,  the  i  inch  of  soil  which  had 
already  been  irrigated  once  was  subjected  to  further  irrigations, 
with  the  following  results: 

TABI.B  II.— Amount  op  Ammonia  Washed  prom  thb  First  Inch  ok 

Soil,  BY  SUCCBSSIVB  IRRIGATIONS. 

Ammonia  washed  out. 

Number  of  irrigationa.  Grams.  Per  cent. 

First 1.2328  49.79 

Second,  three  days  after  first o.  1937  7.8 

Third,  one  hour  after  second o.  1249  5>o 

Fourth,  nineteen  hours  after  third  • .  •  0.0904  3.6 

Fifth,  one  hour  after  fourth 0.0581  2.3 

Total,  five  irrigations 1*^999  68.49 
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The  ammonia  is  held  rather  firmly,  but  subsequent  irrigations 
wash  it  out  in  decreasing  quantities. 

II.      FIXATION  OF  POTASH. 

Ten  grams  sulphate  of  potash  containing  4.8  grams  actual 
potash  were  scattered  over  the  soil,  and  water  was  poured  over,  as 
m  preceding  tests. 

Tablb  III.— Fixation  of  Potash. 

Depth  of  soil.  PoUah  reuincd. 

Inches.  Per  cent 

6  98.55 

4  94.18 

3  82.03 

I  69.19 

Seven-tenths  of  the  potash  applied  is  retained  in  the  first  inch, 
more  than  four-fifths  in  2  inches  and  almost  all  within  6  inches  of 
the  soil.  The  box  containing  6  inches  of  soil  which  had  been 
irrigated  once,  was  subjected  to  further  irrigations  to  see  if  the 
potash  is  held  firmly. 

Tablb  IV.— Amount  of  Potash  Washed  prom  Six  Inchbs  of  Sou.  by 
SuccBssivB  Irrigations. 

PoUsh  in  1000  oc. 
PoUsh  wmnhedout.  drminage. 
Namber  of  irrigation.  Grams.      Percent.      Grams. 

First 0.0697  1.45  0.0680 

Second,  4  days  after  first 0.1631  3.4  0.2044 

Third,  i  hour  after  second o.  1659  3.5  0.0361 

Fourth,  16  hours  after  third o.  1302  2.7  0.0296 

Fifth,  I  hour  after  fourth 0.1139  2.4  0.0243 

Sixth,  7  days  after  fifth 0.0929  1.9  0.0251 

Seventh,  2  days  after  sixth 0.0948  2.0  0.0228 

Eighth,  7  dajrs  after  seventh 0.0967  2.0  0.0215 

Total,  8  irrigations 0.9272      19.35 

As  the  moisture  content  of  the  soil  varies,  the  amount  of 
drainage  will  vary.  Therefore  I  have  included  in  the  table  the 
amount  of  potash  in  each  1000  cc.  of  drainage.  As  in  the  case  of 
ammonia,  the  potash  is  held  rather  firmly  but  irrigations  gradually 
wash  it  away,  light  irrigations  having  washed  19  per  cent,  out  of 
6  inches  of  soil. 

Below  will  be  found  the  results  on  phosphoric  acid,  ammonia, 
and  potash. 
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Tabw  V.- 

-Fixation  of  Phosphoric  Acid,  Ammonia  and  Po 

Depth  of  floilA. 
6 
4 

Phosphoric  add 
retained. 
Percent. 

99-43 

Ammonia                     Potash 
retained.                     retained. 
Per  cent.                      Per  cent* 

99.84                         98.55 

98.13                         94.18 

3 

2 

91.25 

••••                            ■••• 
86.13                      82.03 

I 

53.35 

50.21                      69.19 

These  results  have  a  great  practical  bearing  on  plantation  work 
in  these  islands.  Many  of  the  plantations  depend  upon  irrigation 
entirely,  and  a  great  deal  of  the  water,  as  I  have  shown  in  an 
article  in  the  August  number  of  the  Hawaiian  Planter's  Monthly 
on  "The  Water-Holding  Power,  and  the  Irrigation  of  Hawaiian 
Soils/'  passes  directly  and  immediately  through  the  soik.  In 
other  cases,  as  in  the  Hilo  district,  the  soils  are  subjected  to 
very  heavy  rains.  Were  the  soluble  fertilizer  ingredients  not 
fixed  at  once  the  loss  would  be  very  great;  but  the  experiments 
show  that  even  under  heavy  washings  they  are  fixed  very  rapidly. 
But  the  solubility  of  these  substances  in  water  after  the  first  irri- 
gation, though  slight,  emphasizes  the  importance  of  keeping  the 
irrigation  well  under  control.  The  nitrogen  of  sulphate  of  am- 
monia is  gradually  changed  to  nitrate,  and  most  of  that  which  the 
plant  has  not  assimilated  is  washed  away  by  the  first  irrigation  or 
heavy  rainfall.  The  phosphoric  acid  is  more  firmly  boimd,  and 
the  loss  of  this  substance  is  very  slight.  Under  the  conditions  of 
the  tests,  19  per  cent,  of  the  potash  applied  as  sulphate  was 
washed  below  6  inches  by  eight  irrigations. 

We  thus  see  that  heavy  and  repeated  irrigations  wash  out  the 
available  ammonia  and  potash;  and  this  will  partially  account 
for  the  fact  that  very  often  the  effects  of  a  fertilizer,  especially  of 
a  nitrogenous  fertilizer,  are  not  lasting. 

Honolulu.  H.  I. 


A   PROBABLE  CAUSE  OF  THE   DIPPBRENT  COLX)RS  OF 
IODINE  SOLUTIONS, 

By  arthuh  Lachican, 

Received  September  90, 1909. 

It  is  a  well-known  fact  that  solutions  of  free  iodine  have  differ- 
ent colors,  depending  in  some  way  upon  the  nature  of  the  solvent. 
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Gautier  and  Chaq>y/  who  investigated  this  problem  about  twelve 
years  ago,  distinguished  four  sets  of  colors,  of  the  following 
types: 

(  r)  Violet,  e.  g.,  chloroform ;  (2)  red,  e,  g.,  ethylene  bromide ; 
(3)  red-brown,  e.  g.,  toluene;   (4)  brown,  e.  g.,  alcohol. 

A  large  number  of  solvents  were  thus  classified,  but  the  authors 
confessed  themselv^  unable  to  find  any  relations  between  the 
diemical  function  of  the  solvent  and  the  color.  The  following 
year,  RigoUot'  determined  the  absorbing  power  of  different 
iodine  solutions  for  definite  light-waves ;  but  his  results  led  to  no 
explanation.  A  few  years  later,  an  elaborate  study  of  the  problem 
was  undertaken  by  Kniss  and  Thiele*  They  ascertained  the 
molecular  weight  of  iodine  in  various  solvents,  and  found  that 
practically  in  all  cases,  where  moderately  dilute  solutions  were 
taken,  the 'iodine  molecule  consists  of  2  atoms.  Variations  from 
this  value  were  irregular,  both  for  brown  and  for  violet  solutions. 
Concentrated  solutions  usually  gave  high  molecular  weights, 
indicating  association,  but  no  change  of  color  accompanied  this 
association. 

In  spite  of  these  results,  Kruss  and  Thiele  attempt  to  explain 
the  different  colors  by  an  asstmaption  of  different  molecular 
weights:  violet  solutions  containing  I,,  brown  solutions  (I,)**  n 
being  greater  than  i.  These  complicated  molecules,  however,  are 
supposed  to  give  a  normal  molecular  weight  by  all  osmotic 
methods.  This  explanation  is  equivalent  to  saying  that  in  brown 
solutions  the  molecular  weight  of  iodine  is  much  greater  than  in 
violet,  but  that  none  of  our  present  methods  are  able  to  demon- 
strate the  increase ;  and  it  involves  a  conception  of  the  molecular 
theory  whose  utility  yet  remains  to  be  shown.  The  change  from 
brown  into  violet  is  ascribed  to  dissociation ;  if  the  above  theory  is 
correct,  solvents  with  brown  color  should  have  less  dissociating 
power  than  those  with  violet.  But  this  is  contradicted  by  well- 
established  facts;  alcohol  has  much  greater  dissociating  power 
than  chloroform  or  benzene. 

Notwithstanding  the  negative  results  of  Gautier  and  Charpy, 
and  of  Kriiss  and  Thiele,  a  simple  causal  connection  seems  to 
exist  between  the  chemical  behavior  of  the  solvent  and  the  color 

I  ComH.  Rend.^  no.  189 ;  iii»  645  (1890). 

•/«a:,iij,  38(1891). 

*  ZUchr.  anorg.  Chem.^  7, 1$  (1894). 
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of  iodine  solutions.  This  relationship  was  not  apparent  to  the 
above  investigators  because  in  critical  cases  they  observed  wrong 
colors,  owing  to  impurities  in  the  solvents.  From  the  table  given 
below,  it  will  be  seen  that  iodine  solutions,  when  made  with  pure 
solvents  have  but  two  colors — ^violet  and  brown — with  but  one 
exception,  which  will  be  discussed  below. 

COI^OR  OP  lODINB  IN  VARIOUS  SOLUTIONS. 


A.  Violet  Solutions, 
Hydrocarbons  : 

Hexane 

Benzene  (thiophene  free) 

Toluene^ 

a-3tylene* 

m-Xylene 

/-Xylene 
Halogen  compounds : 

Chloroform 

Ethylene  chloride' 

Bthylidine  chloride 

Tetrachlorethvlene* 

Carbon  tetrachloride 

Isobutyl  chloride* 

Amyl  chloride 

Chlorbenzene 

Benzalchloride 

Benzotrichloride 


Bromoform 

Ethylene  bromide*,* 

Triniethylene  bromide 

Amyl  bromide* 

Brombenzene 
Nitro  compounds : 

Nitroethane 

Nitropropane 

Tetranitromethane 

Isobutyl  nitrate 
Sulphur  compound : 

Carbon  bisulphide 
»  Gftutier-Chftrpy,  red-brown. 

*  Thiele*Krflfl8,  wine-red  (xylenes  not 
separated). 

*  Gautier-Charpy,  KrUss-Thiele,  red. 

4  Tetrm-chlorethylene,  C|Cli«  i*  the  only 
substance  in  the  above  list  which  is  unsatu- 
rated in  structure.  Its  easy  formation  during 
chlorination  reactions  indicates  that  its  un- 
saturated character  is  more  formal  than  real, 
in  spite  of  its  double  bond. 

*  Ethylene  bromide,  amyl  bromide,  and 
isobutyl  chloride  required  careful  purification 
before  giving  violet  solutions.  The  impure 
solvents,  which  gave  re4  solutions,  all  decol- 
orised permanganate. 

*  Gautier-Charpy,  Kriiss-Thiele,  red. 


B,  Brown   Solutions, 
Iodides : 

Ethyl  iodide 

Amyl  iodide 

Cetyl  iodide 

Phenyl  iodide 

Potassium  iodide  f  In  water 

Hydrogen  iodide  \  solutions 
Oxygen  compounds. 
Alcohols : 

Methyl  alcohol 

Ethyl  alcohol 

ff-Butyl  alcohol 

Dimethylethyl  carbinol 

Heptyl  alcohol 
Ethers : 

Ethyl  ether 

Dimethyl  acetal 

Anisol 

Phenetol 
Ketones  : 

Acetone 

Methylethyl  ketone 

Diethyl  ketone 

Acetaldoxime 

Acetophenone 
Acids  and  esters : 

Formic  acid 

Acetic  acid 

Lactic  acid 

Caproic  acid 

Ethyl  acetate 

Amyl  acetate 

Isobutyl  isobutyrate 
Sulphur  compounds : 

Amyl  mercaptan 

Thiophene 
Nitrogen  compounds. 
Nitriles : 

Acetonitrile 

Propionitrile 

Capronitrile 

Benzonitrile 
Nitrilo-bases : 

Pyridine 

Quinoline 
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From  the  results  tabulated  above,  all  of  which  have  beeli  veri- 
fied personally,  the  relationship  between  color  and  the  constitution 
of  the  scdvent  stands  out  clearly :  saturated  solvents  give  violet, 
solvents  which  have  unsaturcUed  character  give  brawn  solutions. 
In  the  first,  or  violet  class,  we  find  hydrocarbons,  their  chlorides 
and  bnmiides,  and  carbon  bisulphide ;  and  also,  strange  to  say,  the 
nitro  compounds.  All  the  other  oxygen  compounds,  so  far  as 
investigated,  give  brown  solutions.  The  brown  solvents  com- 
prise the  alcohols,  ethers,  ketones,  adds  and  esters ;  nitrites  and 
nitrilo-bases ;  alkyl  and  other  iodides ;  and  bivalent  sulphur  com- 
pounds. 

The  iodine  molecule,  as  found  in  iodine  vapor,  is  violet;  we 
have  every  reason  for  assuming  that  in  its  violet  solutions  iodine 
is  in  a  state  of  normal  physical  distribution.  On  the  other  hand, 
certain  of  the  brown  solutions  are  known  to  contain  periodides, 
usually  of  the  form  (MX).!,;  among  these  are  potassium  iodide, 
phenyl  iodide,  and  the  tertiary  bases.  Nitriles  have  Ipng  been 
known  for  their  additive  properties  in  general ;  and  in  the  case  of 
oxygen  compounds,  the  recent  startling  results  of  Baeyer  and 
Villiger^  have  fully  demonstrated  the  hitherto  unsuspected  addi- 
tive powers  of  combined  oxygen  atoms.  It  seems  quite  justifiable 
to  assume  in  all  brown  iodine  solutions  the  existence  of  (probably 
unstable)  addition  products  whose  general'composition  is 

Molecule-solvent  -f  I,. 
Such  an  explanation  was  indeed  offered  some  years  ago  by  Beck- 
mann,'  and  considered  and  rejected  by  Kriiss  and  Thiele.  If  it  is 
assumed,  as  it  was  by  Beckmann,  that  the  whole  of  the  iodine 
thus  adds  to  the  solvent,  the  effect  upon  the  observed  molecular 
weight  would  be  a  marked  decrease  (as  a  consideration  of 
Raoult's  formula  shows),  contrary  to  the  measurements  of  Kriiss 
and  Thiele.  But  there  is  no  need  to  make  this  assumption;  a 
very  small  amount  of  alcohol  suffices  to  change  the  color  of  an 
iodine-chloroform  solution,  and  3  per  cent,  of  alcohol  give  as 
dark  a  brown  as  can  be  obtained  with  pure  alcohol. 

BTFBCT  of  ABSOLXTTB  AI.COHOI.  ON  COI.OR  OF  lODINB  IN   ChZ^ROFORIC. 

Alcohol.    Per  cent.  Color. 

3.5  Brown 

0.4  Red 

0.2  Mixed  red  and  violet 

0.1  Violet 
»  B^r.  d.  ck£m,  Gei.,  94*  «679  («90i). 
>  Zttckr,^k^  Oum,,  f,  76  (1889). 
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The  iodine  in  brown  solutions  is  therefore  probably  in  a  condi- 
tion of  equilibrium  between  pure  solution  and  the  addition  product 

Solvent  +  I, ::::  (solvent  +  I,), 
very  much  like  many  double  salts,  or  like  the  chlorine  ions^  in 
green  chromium  chloride  hexahydrate. 

The  view  here  presented,  that  brown  solutions  contain  some 
addition  product,  and  violet  solutions  simple  iodine  molecules,  is 
borne  out  by  an  important  fact :  Brown  solutions  tend  to  become 
violet  when  heated,  and  conversely,  violet  solutions  become  brown 
on  being  cooled  sufficiently.'  As  heat  produces  dissociation,  and 
cold  induces  association,  the  facts  are  in  excellent  agreement  with 
expectation. 

The  actual  isolation  of  the  addition  products  of  iodine  with 
oxygen  compounds  will  probably  be  difficult,  but  an  effort  in  this 
direction  will  be  made  as  soon  as  possible.  Schutzenberger*  has 
described  an  addition  product  of  bromine  and  ether,  and  iodine 
may  behave  similarly. 

Two  points  remain  for  discussion.  In  the  first  place,  the  be- 
havior of  the  nitro  compounds  seems  to  put  them  apart  from  other 
oxygen  compounds.  The  structure  of  the  nitro  group  is  still  un- 
certain, but  numerous  reactions  show  that  its  oxygen  atoms  arc 
quite  active,  and  possess  considerable  additive  power.*  Their 
indifference  to  iodine  will  be  investigated  more  closely  later  on. 

The  second  point  is  the  behavior  of  ethyl  bromide  towards 
iodine.  In  spite  of  numerous  efforts,  I  have  not  been  able  to  pre- 
pare this  substance  in  a  state  sufficiently  pure  to  obtain  with  it  a 
violet  iodine  solution;  in  every  case,  the  solution  is  dark  red. 
Ethyl  bromide  is  made  by  two  methods ;  the  distillation  of  ethyl- 
sulphuric  acid  with  potassium  bromide  also  forms  ether,  which 
cannot  be  separated  by  the  most  careful  fractioning;  and  the 
action  of  phosphorus  bromide  upon  alcohol  yields  ethyl  bromide 
contaminated  with  phosphorus,  which  resists  hours  of  boiling 
with  moist  sodium  amalgam.  I  am  confident,  however,  that  ethyl 
bromide  will  prove  no  exception  to  the  above  classification  of 

>  Werner  :  B^.r.  d.  chem.  Ges.,  34,  1579  (1901). 

*  Kriiss  and  Thiele  :  Loc.  ctt.,  p.  ^^  ;  Gautier  and  Charpy:  Compt,  Rend..  111, 645(1890); 
Wiedemann  :  Wted.  Ann.  Phys.,  369,  580. 

»  Compt.  Rend.,  78*  »5>i  (»^73) :  ^nn.  Chem.  (Uebig),  167.  86  (1S73). 

Vl«achman:  Am.  Chem.  J.,  ai,  443  (1899)  :  This  Journal,  33,  897  (1901)  ;  Angeli:  Ber.d* 
chem.  Ges,,  99,  1884  (1896)  ;  Meisenheimer  :  Ann.  Chem.  (Uebig),  323,  305  (1902). 


PRUSSIC  ACID  IN  SOSGHUM.  55 

iodine  solvents,  for  similar  difficulties  were  met,  during  this 
investigation,  with  amyl  bromide  and  ethylene  bromide.  The 
first  samples  of  these  substances  gave  dark  red  iodine  sdutions, 
but  after  careful  purification,  pure  violet  solutions  were  obtained. 

SAXf  Pkahcisco,  September  13, 1902. 
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PRUSSIC  ACID  IN  SORGHUM. 

By  Hbnkt  B.  SzjkDB. 

Received  October  ),  x^oe. 

Instances  of  the  fatal  effects  of  green  sorghum  upon  stock  are 
frequently  reported.    The  Nebraska  Experiment  Station  records 
144  fatal  cases  in  a  single  year.    "At  Imperial  lo  cattle  out  of  a 
herd  of  32  died  suddenly.    At  Culbertson  1 1  cattle  died  within  an 
hour  from  eating  cane.    At  Wauneta  a  stockman  reports  the  loss 
of  7  head  out  of  a  small  herd."*    From  Australia  like  cases  are 
reported.'     In  one  instance  17  animals  in  a  single  herd  died  from 
eating  sorghum;  in  other  instances  cattle  were  allowed  to  feed 
upon  the  cane  without  loss.    Berthelot  and  Andr^  in  1886,  in  an 
article  on  "The  Noxious  Effects  of  Sorghum,"*  ascribed  the  cause 
to  excessive  amounts  of  potassium  nitrate.    The  late  Mr.  Wil- 
liams, of  the  U.  S.  Department  of  Agriculture,  also  suggested 
saltpeter  as  the  cause  of  the  trouble.*    Determinations  of  the 
potassium  nitrate  in  poisonous  sorghum  by  Hiltner*  showed  that 
the  amount  present  was  inadequate  to  the  effect  produced  and  the 
idea  was  presented  that  "the  plant  under  certain  conditions  de- 
velops a  highly  poisonous  chemical  compound."     In  a  paper  be- 
fore the  Nebraska  Section  of  the  American  Chemical  Society*'the 
theory  was  put  forward  by  the  writer,  in  the  fall  of  1901,  that  such 
a  poisonous  compound  might  be  produced  by  the  action  of  an 
enzyme  upon  a  glucoside  formed  in  the  plant  through  a  process 
of  abnbrmal  growth.*^    An  examination  of  a  sample  of  sorghum 

1  Nebraska  Bxperiment  Station  Bunetln  No.  63. 
'  Quoted  in  Bxperiment  Station  Record,  13,  99a. 

*  Abstract  in  Biedermann's  CmiraJblaU,  sa,  470. 

*  Fanners'  BuUetln  No.  50,  p.  17. 

*  Nebraska  Bxperiment  Station  BuUetin  No.  63. 

*  Nebraska  Bxperiment  Station,  i$th  Annual  Report,  p.  55. 

'  Dnnstan  and  Henry  have  since  confirmed  this  view  in  the  case  of  the  Great  MlUet  or 
Sorghum  Vulgare  of  Bgypt.    Since  the  above  article  was  contributed  the  attention  of  the 
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from  a  lot  which  had  proved  fatal  to  cattle  showed  the  presence  of 
prussic  acid.  A  further  study  appears  to  verify  the  view  that  the 
acid  is  split  off  from  a  compound  through  ferment  action  and  a 
preliminary  report  of  the  results  is  now  given. 

The  sample  in  question  was  received  at  the  Station  the  fourth 
day  after  it  had  been  cut.  A  portion  was  crushed  by  means  of  a 
sausage  grinder,  macerated  with  water  for  an  hour  and  the 
filtered  extract  distilled  into  sodium  hydroxide.  On  the  addition 
of  ferrous  and  ferric  salts  and  acidulating  with  hydrochloric  add 
the  characteristic  blue  color  of  the  ferrocyanide  of  iron  was  ob- 
tained. The  test  was  repeated  with  separate  stalks  with  like  re- 
sults in  every  case.  The  prussic  acid  was  also  obtained  as  die 
nitroprusside  and  as  silver  cyanide.  No  prussic  acid  could  be 
obtained  from  the  water  extracts  of  the  roots  but  leaves  and  stalks 
both  gave  good  tests,  more  marked  in  the  stalks  which  appeared 
to  yield  the  greater  amount  of  the  add. 

The  same  sample  after  drying  in  the  laboratory  for  twelve  days 
still  yielded  a  decided  test  for  prussic  acid.  Another  sample  of 
sorghum  cut  at  the  same  time  and  cured  in  the  field  for  six  days 
and  in  the  laboratory  for  twelve  days  likewise  produced  the  acid 
on  following  the  same  procedure  as  in  the  other  cases.  The  fact 
that  the  sorghum,  if  dried  without  crushing,  still  retains  the  power 
to  produce  prussic  acid  indicates  the  localization  of  the  enzyme 
and  acid-producing  compound  in  separate  cells  of  the  plant 
Quantitative  estimations  of  the  yield  of  prussic  acid  were  made 
by  macerating  single  stalks  in  a  crushed  condition  for  twelve 
hours  in  rubber-stoppered  flasks.  The  acid  formed  was  distilled 
into  dilute  sodium  hydroxide  and  the  amount  of  cyanide  deter- 
mined by  titration  with  silver  nitrate  according  to  Liebig's  method 
as  directed  by  Fresenius.^  By  this  procedure  0.013  per  cent,  of 
prussic  acid  was  obtained  in  one  case  and  0.014  per  cent,  in 

writer  has  been  called  to  the  worlc  of  the  two  Bnglish  investigatora  who  have  isolated  a 
gluooaide,  dhurrin,  which  breaks  up  under  the  action  of  an  ensyme  with  the  formation  of 
prussic  add.  {Chemical  News^  June  ay,  190a.)  Prom  the  brief  account  of  the  properties 
given,  dhurrin  does  not  seem  to  be  identical  with  the  prussic  acid-forming  glucoaidc  of 
American  cane.  Dr.  Samuel  Avery,  of  the  Nebraska  Agricultural  Experiment  Station,  in 
a  private  communication  to  the  writer,  sUtes  that  under  cerUin  conditions  the  sluooaide 
from  American  sorghum  Is  decomposed  by  boiling  hot  water,  which  is  not  the  case  with 
dhurrin.  It  would  be  interesting  to  know  whether  the  various  glucosides  yielding  pni»> 
sic  acid  form  a  chemical  series  similar  to  those  of  the  aaponin  bodies  worked  out  by 
Kobert. 

1  "  Quantitative  Analysla.**  p.  450. 
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another.  On  this  basis  a  kilogram  of  sorghum  would  contain 
over  twice  the  maximum  medicinal  dose  for  cattle,  of  the  anhy- 
drous acid  and  might  prove  fatal.  Frohner^  places  the  fatal 
dose  at  0.5  to  i  gram.  At  this  rate  3.5  kilos  of  the  cane 
would  be  extremely  dangerous.  A  cow  turned  into  the  patch 
from  which  the  above  samples  were  taken  developed  the  most 
marked  symptoms  of  prussic  acid  poisoning  after  eating  only  a 
small  amount  of  the  cane.  In  the  light  of  these  results  there 
would  seem  to  be  but  little  question  that  the  poisoning  of  stock  by 
sorghum  is  due  to  the  prussic  acid  3rielded  by  the  plant. 

The  question  still  remains  as  to  the  formation  of  the  prussic 
acid  in  the  sorghum.  Robiquet  and  Boutron-Charlard*  found 
prussic  acid  in  oil  of  bitter  almonds,  and  in  1837  Liebig  and 
Wohler*  discovered  that  the  prussic  acid  was  formed  by  the  action 
of  the  emulsin  upon  the  amygdalin  in  the  almonds.  Since  that 
time  prussic  acid  has  been  found  in  various  plants  and  its  forma- 
tion has  been  generally  ascribed  to  the  action  of  emulsin  upon 
some  glucoside.  In  1900  Dunstan  and  Henry*  discovered  a  new 
prussic  acid-producing  enzyme  in  the  Egyptian  vetch  (Lotus 
orabicus)  which  they  call  lotase.  Lotase  splits  up  the  glucoside, 
lotusin,  with  the  production  of  prussic  acid,  a  yellow  coloring- 
matter,  lotoflavin,  and  dextrose.  Cattle  in  Northern  Africa  are 
oftentimes  fatally  poisoned  by  eating  the  vetch  up  to  the  time  of 
the  ripening  of  the  seed.  After  that  time  the  glucoside  disappears 
and  the  plant  becomes  harmless.* 

In  the  case  of  sorghum  the  poison  seems  to  be  formed  by  the 
action  of  an  enzyme  upon  a  glucoside;  The  fact  that  the  dried 
plant  still  yielded  prussic  acid  shows  that  it  does  not  exist  in  that 
form  in  the  plant.  To  determine  whether  the  acid  was  formed 
by  chemical  or  ferment  action,  extracts  were  made  by  digesting 
20  f^frams  of  the  sorghum  pulp  with  250  cc.  of  water  at  the 
temperature  of  the  laboratory  and  also  by  pouring  boiling  hot 
water  upon  a  like  amount  of  pulp  and  boiling  for  five  minutes. 
Both  were  allowed  to  macerate  and  then  distilled  as  usual  into 

>  '*  Uhrboch  der  Toxicologie."  p.  860. 

*  Quoted  by  Oppcntaeimer:  **Pemie]iU  and  Their  Actions,**  English  timnslation,  p.  909. 

*  Aim.  OUm,  Pkwrm.y  ai,  96 ;  aa,  27. 

*  K07BI  Society  Proceedings,  67t  »4  ;  6S»  374- 

» Thsnks  sic  due  to  Mr.  V.  K.  Chesnnt,  of  the  x'oisonoas  PlsnU  Division  of  the  U.  & 
S^ttnent  of  Agriculture,  for  this  reference. 
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sodium  hydroxide.     The  former  gave  the  usual  marked  test  for 
the  acid  but  the  extract  which  had  been  boiled  gave  only  the 
slightest  trace  of  acid,  the  acidulated  solution  yielding  only  a  faint 
green  color  after  standing  for  some  time.    The  formation  of  the 
prussic  acid  hence  appeared  due  to  a  ferment  action.     However, 
as  the  compound  producing  the  acid  might  be  decomposed  by 
simply  boiling  and  the  prussic  acid  formed  thereby  escape,  ex- 
tracts were  also  prepared  with  95  per  cent,  alcohol,  2  per  cent 
sodium  hydroxide,  0.4  per  cent,  hydrochloric  acid,  0.2  per  cent, 
sodium  carbonate  and  0.5  per  cent,  sodium  chloride.     In  each  of 
these  tests  20  grams  of  the  sorghum  pulp  and  250  cc.  of  the 
solvent  were  taken  and  a  few  drops  of  chloroform  added  to  pre- 
vent  bacterial  action.     The  sorghum   was   introduced   into  the 
solvent  so  soon  as  it  had  been  reduced  to  a  pulp  with  a  sausage 
grinder  and  the  digestion  continued  for  three  days  in  glass- 
stoppered  bottles  at  the  room  temperature;  the  liquid  rapidly 
filtered   through   linen   into   a   flask  and   distilled   into   sodium 
hydroxide.     In  the  case  of  the  alkaline  extracts  the  liquid  was 
rendered  acid  with  dilute  sulphuric  acid  before  distilling.  Neither 
the  acid  nor  alkaline  extracts  showed  a  trace  of  prussic  acid  as 
was  also  the  case  with  the  alcoholic  extract.     On  the  other  hand 
the  sodium  chloride  extract  gave  a  distinct  test.     If  the  formation 
of  the  acid  were  due  to  simple  chemical  decomposition  through 
boiling,  tests  for  the  acid  should  have  been  obtained  in  every  case. 
On  the  other  hand  the  slight  trace  only  of  acid  found  in  the  boiled 
extract  and  the  known  hindering  action  of  acids  and  alkalies  as 
well  as  the  favorable  action  of  sodium  chloride  upon  ferment 
action  point  to  this  as  the  source  of  the  prussic  acid.     The  be- 
havior of  the  ferment  in  these  respects  would  serve  to  identify  it 
as  emulsin  but  an  extract  with  40  per  cent,  alcohol  yielded  prussic 
acid  while  emulsin  is  sensitive  to  the  presence  of  8  per  cent, 
alcohol.^     In  studying  the  enzymes  of  sorghum  the  active  prepara- 
tions from  the  plant  had  no  action  upon  amygdalin,  from  which 
the  absence  of  emulsin  was  inferred.*     The  active  agent  in  this 
case  may  be  a  special  form  of  emulsin  such  as  that  described  by 
Jorrisen  and  Hairs'  or  possibly  a  new  enzyme.     It  does  not  appear 
to  be  ordinary  emulsin.     The  glucase  of  sorghum  acts  upon 

>  Bffront :  "  Encymes  and  Their  Applications,"  Eng^lish  translation,  i,  370. 

*  Nebraska  Experiment  Station,  isth  Annual  Report,  p.  61. 

*  Quoted  bj  Oppenheimer,  p.  310. 
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glucosides  and  with  amygdalin  produces  no  prussic  acid.  The 
action  of  glucase,  however,  is  not  hindered,  apparently,  by  hydro- 
chloric acid. 

From  the  above  sample  of  poisonous  sorghum,  an  enz3mie 
preparation  was  obtained  by  precipitating  the  sorghum  juice  with 
95  per  cent,  alcohol  and  again  precipitating  the  alcoholic  filtrate. 
The  impure  preparation  thus  obtained  gave  a  decided  blue  color, 
which  rapidly  developed,  with  freshly-prepared  tincture  of  guaiac 
and  hydrogen  peroxide  but  not  after  boiling  the  solution  of  the 
ferment.  With  various  preparations  from  the  sorghum  this 
formed  no  prussic  acid.  The  same  preparations  likewise  gave 
negative  tests  for  the  acid  after  boiling  with  dilute  mineral  acids, 
neutralizing  and  testing  with  Fehling's  solution.  In  .every  case 
where  prussic  acid  was  formed,  the  extract  gave  a  rose-red  color 
with  strong  hydrochloric  acid  in  excess  or  with  concentrated 
sulphuric  add.  In  the  extracts  where  no  prussic  acid  was  formed 
no  such  reaction  could  be  obtained.  The  most  intense  color  was 
obtained  from  the  water  extracts  of  the  stalks  which  was  prepared 
by  cutting  off  the  stalks  for  four  inches  above  the  roots  into  small, 
quarter-inch  pieces  and  macerating  with  water  for  an  hour.  This 
substance  appears  to  be  a  coloring-matter  formed  together  with 
the  prussic  acid  by  enzyme  action.  With  alkalies  the  color  pro- 
duced by  the  acid  disappears  and  returns  on  acidulating.  With 
nitric  acid  the  red  color  disappeared  and  on  reducing  the  red 
hydrochloric  acid  solution  of  the  substance  with  zinc  dust  no  color 
appears  on  neutralizing. 

This  coloring-matter  is  precipitated  by  lead  subacetate  from 
which  it  may  be  again  obtained  by  treating  the  precipitate  sus- 
pended in  water  with  hydrogen  sulphide  and  treating  the  lead 
sulphide  with  hydrochloric  acid.  By  filtering,  neutralizing  and 
extracting  the  residue  with  alcohol  the  compound  may  be  isolated. 
The  lead  precipitate  gives  the  characteristic  brilliant  rose-red 
with  hydrochloric  and  sulphuric  acids. 

Thus  far  the  suspected  glucoside  of  American  cane  has  not 
been  isolated  and  the  evidence  for  its  existence  rests  upon  the 
formation  of  prussic  acid  and  a  coloring-matter  under  the  condi- 
tions described  together  with  the  general  experience  of  the 
formation  of  prussic  acid  in  plants.  The  evidence  thus  far  at 
band  points  to  ferment  action  as  At  cause. 


DERIVATIVES  OF  PHENYLETHER.    V. 

By  Alf&rd  N.  Cook. 

Received  October  6.  xgoa. 

For  some  time  past  I  have  been  engaged  in  the  study  of  the 
derivatives  of  phenylether,  using  a  reaction  that  is  of  common 
application  in  both  the  fatty  and  aromatic  series,  that  of  treating 
a  fatty  or  aromatic  haloid  with  an  alcoholate  or  phenolate  of  an 
alkali  metal.  An  ether  is  formed  and  an  alkali  salt  of  a  haloid 
acid  is  precipitated  according  to  the  following  equation : 
RBr  +  KOR'  =  ROR'  +  KBr. 

It  has  been  found^  that  an  aromatic  bromide  or  chloride  con- 
taining a  nitro  group  in  the  ortho  or  para  position  reacts  with 
g^eat  readiness  upon  potassium  phenolates  to  produce  derivatives 
of  phenylether.  During  the  past  three  years  I  have  extended  this 
method  to  the  cresols.  Success  has  attended  each  attempt  to  com- 
bine a  potassium  cresolate  with  a  bromnitrobenzene,  and  each  of 
the  mother  substances  has  yielded  a  number  ol  derivatives. 

4-NlTRO-4'-METHYL  PHENYLETHER, 


This  compound  was  prepared  by  the  action  of  parabromnitro- 
benzene  upon  potassium  paracresolate  (prepared  as  described  in  a 
previous  article.*)  Equimolecular  quantities  of  the  two  reacting 
substances  were  heated  together  in  an  oil-bath.  Action  began  at 
iio"*,  as  wa3  shown  by  the  agitation  of  the  fused  mass,  and  rose 
during  the  action  to  125®.  The  phenylether  could  not  be  ex- 
tracted from  the  precipitated  potassium  bromide  with  ethyl  ether 
as  had  been  previously  done  with  its  analogues,  on  account  of  its 
sparing  solubility  in  that  menstruum,  and  it  was  found  that  the 
substance  could  be  separated  from  the  parabromnitrobenzene  not 
acted  upon,  and  other  substances,  by  simple  fractional  distillation 
under  diminished  pressure,  instead  of  distilling  them  oS  with 
steam  as  had  been  previously  done  in  analogous  cases.    The 

t  B^.  d.  ehem,  Gts,^  ao*  1446  and  1878. 
*  Am.  Cham.  /.,  34,  526. 
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method  was  afterwards  found  to  give  good  results  with  other 
analogues,  as  has  already  been  described  in  the  two  previous 
papers.  The  yield  was  about  1.25  grams  of  the  nitromethyl- 
phenylether  for  every  gram  of  the  cresol  used.  After  purifying 
as  much  as  possible  by  repeated  fractional  distillation  in  vacuo,  it 
was  crystallized  several  times  from  hot  alcohol. 

4-Nitro-4'-methyl  phenylether  is  a  sulphur-yellow,  crystalline 
substance  which  speedily  turns  brown  on  exposure  to  light,  and 
melts  at  66**.  It  is  soluble  in  benzene,  sparingly  soluble  in  sul- 
phuric ether,  and  insoluble  in  petroleum  ether.  It  is  much  less 
soluble  in  cold  than  in  hot  alcohol  which  renders  it  very  readily 
crystallized.  It  boils  at  225**  under  a  pressure  of  25  mm.  It  has 
no  taste  but  feels  like  sulphur  when  taken  into  the  mouth.  It 
had  an  odor  of  parabromnitrobenzene  from  which  it  could  not  be 
freed  by  fractional  distillation  and  repeated  crystallization  from 
alcohol.  An  attempt  to  oxidize  the  side-<hain  to  carboxyl  by 
means  of  chromic  acid  in  acetic  acid  solution  was  unsuccessful. 
The  substance  was  entirely  destroyed.  An  analysis  gave  6.27  per 
cent.  N;  calculated,  6.1 1. per  cent. 

4-NITRO-:4'-METHYL  PHENYLETHER  SULPHONIC  ACID, 

CH,.N0,.C„H,0.S03H, 
was  prepared  by  the  same  method  as  its  analogues  described 
in  previous  papers.  When  a  solution  of  the  acid  was  evaporated 
to  a  small  bulk  it  separated  as  a  thick,  red,  syrupy  liquid  which, 
when  dissolved  in  hot  water,  crystallized  in  light  yellow  needles 
whidi  melted  at  102^.  A  water  solution  is  much  yellower  than 
die  substance  itself.  8.4  parts  of  the  acid  are  soluble  in  1000  parts 
of  water  at  80^.  The  purified  acid  is  almost  tasteless  in  the  solid 
form>  while  the  S3rrupy  liquid  has  a  sharp  odor  and  taste,  prob- 
ably due  to  decomposition  products  formed  during  evaporation. 
Its  composition  was  determined  by  the  analysis  of  the  barium  salt. 
The  barium  salt,  (CH3.NO,.C„H,O.SO,)jBa-f  2HA  was 
prepared  by  the  method  described  in  previous  papers.  It  crystal- 
lizes from  a  water  solution  in  warts  of  a  light  yellow  color  which 
turn  brown  on  exposure  to  light,  if  but  slightly  moist.  The  sub- 
stance has  a  bitter  taste  and  its  water  solution  is  yellow.  20.8 
parts  of  the  salt  are  soluble  in  1000  parts  of  water  at  15^,  and 
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128.6  parts  are  soluble  in  1000  parts  of  water  at  the  temperature 
of  the  boiling  water-bath.  When  heated  in  the  air-bath  at  lOO* 
it  turns  to  a  sulphur-yellow  color  and  loses  in  weight  correspond- 
ing to  I  molecule  of  water  of  crystallization.  At  this  stage  it  is 
hygroscopic'  and  when  exposed  to  the  air  increases  to  its  original 
weight.  When  heated  to  168**  it  loses  in  weight  corresponding  to 
a  second  molecule  of  water  and  becomes  white.  At  this  stage  it 
is  not  hygroscopic.  The  loss  in  weight  is  permanent.  Two 
analyses  of  the  salt  desiccated  over  sulphuric  acid  resulted  as 
follows : 

Calculated  for  Pound. 

(CMHioOeNS)t  Ba  +  aHfO.  I.  IL 

Barium 17.36  17.29  17.21 

Water  at  100® 2.28  2.46  2.49 

Water  at  168® 2.28  2.23  2.33 

The  sodium  salt,  CHg.NOj.CijHTO.SOgNa  +  3J4HA  was 
prepared  by  precipitating  the  barium  from  a  water  solution  of  the 
barium  salt  with  sodium  carbonate.  The  water  solution  is  more 
intensely  yellow  than  that  of  the  barium  salt.  On  evaporating  to 
a  small  bulk  it  crystallized  out  in  radial  aggregations  of  leaf-like 
crystals.  It  is  soluble  in  alcohol  and  62  parts  of  the  salt  are 
soluble  in  1000  parts  of  water  at  20"*  C.  After  desiccation  over 
sulphuric  acid  it  was  heated  in  the  air-bath  to  lOO®,  when  it  lost 
in  weight  corresponding  to  3.5  molecules  of  water  of  crystalliza- 
tion. Two  determinations  of  the  water  of  crystallization  resulted 
as  follows: 

Calculated  for  Found. 

CisHioOeNSNa  +  3  >/«  HjO.  I.  IL 

Water 15.99  15.97  15.97 

4-AMINO-4'-METHYL  PHENYLETHER,  NHj.CeH4OCcH4.CH,, 

was  prepared  from  the  hydrochloride  salt  mentioned  below 
by  precipitating  from  a  water  solution  with  ammonium  hydrox- 
ide. It  is  a  snow-white  substance  which  is  soluble  in  alcohol, 
insoluble  in  ether,  and  melts  at  122**.  It  is  soluble  in  hot  water 
from  which  it  crystallizes  on  cooling  in  white  flakes. 

The  hydrochloride  salt  was  prepared  from  the  corresponding 
ether  by  reducing  with  tin  and  hydrochloric  acid  in  alcoholic  solu- 
tion while  warming  on  the  water-bath,  and  precipitating  the  tin 
with  hydrogen  sulphide.  It  showed  some  tendency  to  decompose 
while  evaporating  to  crystallization.     It  is  very  soluble  in  water 
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but  does  not  crystallize  from  it  successfully.  It  crystallizes 
readily  from  a  hot  solution  of  strong  hydrochloric  acid  in  long 
needles  or  glistening  flakes. 

The  hydrobronUde  was  formed  by  dissolving  the  free  amino 
compound  in  hydrobromic  acid.  Its  appearance  is  very  much 
like  the  hydrochloride.  The  amino  compound  dissolves  with 
some  difficulty  in  dilute  sulphuric  acid  to  form  the  sulphate.  It 
crystallizes  out  in  glistening  flakes.  The  nitrate,  formed  in  a 
similar  manner,  crystallizes  from  the  acid  solution,  on  cooling,  in 
flat  needles. 

The  platinum  salt,  (CH,.C,H,OCeH,.NH,),.H,PtCle  +  H,0, 
was  prepared  by  adding  a  solution  of  chlorplatinic  acid  to  a 
strong  solution  of  the  hydrochloride.  It  does  not  precipitate 
immediately,  unless  the  solutions  are  very  strong,  but  in  a  few 
minutes  fine  yellow  crystalline  needles  are  formed.  When  moist 
it  turns  brown  in  diflfused  light,  but  when  dry  the  direct  sunlight 
does  not  a£Fect  it.  The  melting-point  is  195 ''.  When  heated  to 
100*  in  an  air-bj^th  it  became  dark  colored  and  lost  in  weight 
corresponding  to  i  molecule  of  water  of  crystallization.  Analyses 
for  platinum  and  water  resulted  as  follows : 

Calculated  for  Pound. 

(CMH„NO)«.H,PtCl«  +  H,0.  I.  II. 

Platinam 23.61  23.40  23.85 

Wateratioo® 2.18  2.47  .••• 

NITR0-4-NITR0-4'-METHYL    PHENYLETHER,     (NO,)a.CHa.Ci,HTO. 

Strong  nitric  acid  was  added  to  a  quantity  of  4-nitro-4'-methyl 
phcnylether  when  the  temperature  rose  2** -3®  and  the  acid  turned 
to  a  reddish  color,  the  ether  apparently  dissolving  slightly  in  the 
add.  On  heating  to  So** -90**  a  violent  action  began,  dense  brown 
fumes  being  given  off,  which  subsided  after  a  few  minutes,  and 
there  resulted  a  deep  orange-red  liquid.  On  adding  water  a 
ydlow  oil  was  precipitated,  which,  on  repeatedly  being  washed 
with  water  and  kneaded  with  a  glass  rod,  became  viscous  and 
finally  solidified.  It  was  purified  by  crystallizing  from  hot  alco- 
hol, from  which  it  is  deposited  in  radial  aggregations  of  fine 
needles.  Fimiing  nitric  acid  produces  the  same  result,  as  was 
shown  by  the  crystalline  form,  melting-point  and  analysis  for 
nitrogen,  but  it  acts  more  readily.  Action  began  at  60**  and  rose 
of  its  own  accord  to  75*. 
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This  dinitromethylphenylether  is  a  very  yellow  compound 
which  dyes  the  hands  and  paper  yellow.  Its  alcoholic  solution  is 
intensely  yellow,  and  when  agitated  with  water  colors  it  distinctly 
yellow.  It  has  a  slightly  bitter  taste,  and  melts  at  loi^.  The 
mode  of  formation  as  well  as  the  analysis  for  nitrogen  wotild  point 
to  its  being  a  dinitromethylphenylether.  Found,  1042  per  cent 
N;   calculated,  10.22  per  cent. 

NITRO-2-NITRO-2'-METHYL  PHENYLETHER. 

This  was  prepared  in  the  same  manner  as  the  preceding  com- 
pound, from  the  corresponding  nitromethylphenylether.  It  is  a 
sulphur-yellow  compound  which  crystallizes  from  hot  alcohol  in 
well-defined  crystals  that  have  very  much  the  same  appearance  as 
those  of  2-nitro-4'-methyl  phenylether.  It  melts  at  98**.  An 
analysis  for  nitrogen  gave  10.42  per  cent. ;  calculated,  10.22  per 
cent. 

NITR0-2-NITR0-4'-METHYL  PHENYLETHER. 

This  was  prepared  by  the  same  method  as  its  analogues.  It  is 
light  yellow  in  color  and  changes  to  a  brownish  hue  on  exposure 
to  light.  It  was  purified  by  crystallizing  from  alcohol  and  melts 
at  100*.  An  analysis  for  nitrogen  gave  9.95  per  cent. ;  calculated, 
10.22  per  cent. 

NITR0-2-NITR0-3'-METHYL  PHENYLETHER. 

This  substance  was  prepared  from  the  corresponding  nitro- 
methylphenylether by  the  same  method  as  its  isomers  that  have 
been  described.  It  is  yellow  and  crystallizes  from  alcohol  in  radial 
aggregations  of  thin  plates,  which  melt  at  106^.  An  accident  befell 
the  analysis  for  nitrogen  and  there  was  not  enough  of  the  substance 
at  hand  to  repeat  it,  but,  judging  from  the  fact  that  the  other 
nitromethylphenylethers  have  yielded  a  dinitro  derivative  under 
the  same  conditions,  it  would  seem  likely  that  this  is  also  a  dinitro- 
methylphenylether. 

HEXANITRO  METHYL  PHENYLETHER,    (N02)e.CH,.Ci,H,0. 

4-Nitro-4'-methyl  phenylether  was  boiled  with  strong  nitric 
acid  for  three-fourths  of  an  hour.  When  the  solution  was  poured 
into  cold  water  a  light  yellow  oil  was  precipitated  which  quickly 
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solidified.  It  was  purified  by  ciystallization  from  hot  aloAol  in 
which  it  is  very  soluble.  It  is  also  soluble  in  benzene,  ether,  and 
acetic  acid,  and  sparingly  soluble  in  water.  It  deflagrates  like  a 
nitrate  when  ignited  in  the  flame  of  a  lamp.  Two  analyses  for 
nitrogen  gave  18.15  and  18.88  per  cent.  N;  calculated,  18.55  P^ 
cent. 

For  the  sake  of  greater  clearness  in  comparison  the  graphic 
formulas  of  the  six  isomeric  nitromethylphenylethers  are  given 
here: 


NO, 

o 


4  ^y-0— O'  vScH-.     a-Nitro-4'.methyl   phenyl- 


illP^^" 


eiker  :  melting-point,  49^  ;  free  amino  derivative  unstable  when 
moist. 

J^O,  CH, 


liquid ;  free  amino  derivative  very  unstable  when  moist. 
NO,         CH. 


liqtdd  ;  free  amino  derivative  very  unstable  when  moist. 

NO,<^  y— 0-<^  yCXL^^i-NHnhi'-methylphenyU 

eiker:  melting-point,  66^  ;  free  amino  derivative  perfectly  stable 
when  moist. 

CH, 

NOx^  >— O— /  \  4-NUnh^-methyl  phenyl- 


?■'■' 


eiker:  melting-point,  61^-62^;  free  amino  derivative  decomposes 
slightly  when  moist. 
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NOy^  \— O-/  \,  4'NitrO' 2' -methyl  phenyl- 

ether:  liquid  ;  free  amino  derivative  partially  decomposes  when 
moist. 

Three  of  the  six  is6mers  are  liquids  and  three  are  solids.  It 
will  be  observed  that  the  nearer  the  nitro  and  methyl  groups  are 
together  the  greater  is  the  tendency  to  be  a  liquid.  Of  the  two 
intermediate  compounds,  4-nitro-2'-methyl  phenylether  and  2- 
nitro-4'-methyl  phenylether,  one  is  a  liquid  and  one  is  a  solid. 

The  stability  of  the  free  amino  derivatives  was  in  proportion  to 
the  distance  the  methyl  and  amino  radicals  were  apart.  The  free 
amino  derivative,  4-nitro-4'-methyl  phenylether,  where  the  two 
groups  are  as  far  apart  as  possible,  was  found  to  be  the  most 
stable.  It  remained  in  contact  with  water  for  some  time  without 
showing  any  signs  of  decomposition.  2-Nitro-2'-methyl  phenyl- 
ether and  2-nitro-3'-methyl  phenylether  where  the  two  groups  arc 
as  near  together  as  possible  are  the  least  stable.  They  decom- 
posed within  a  few  minutes  after  being  liberated.  2-Nitro-4'- 
methyl  phenylether,  where  the  two  groups  are  one  stage  further 
apart,  was  a  little  more  stable,  but  it  decomposed  before  it  could 
be  dried.  The  two  remaining  compounds  decomposed  only 
partially  while  being  desiccated. 

All  of  the  solid  mother-substances  are  yellow  and  the  liquids 
are  brownish  red,  due  to  the  presence  of  the  nitro  group.  Phenyl- 
ether described  by  Hoffmeister,^  and  also  jointly  by  Gladstone  and 
Tribe,*  is  a  colorless  substance.  So  also  are  ortfio-,  meta-,  and 
paracresyl  ethers  described  by  the  latter  chemists.* 

All  of  the  nitro  phenylethers  that  were  examined  decomposed 
when  boiled  under  ordnary  atmospheric  pressure  but  distilled 
unchanged  in  a  good  vacuum.  This  would  seem  to  be  due  to 
the  oxidizing  action  of  the  nitro  gjoup,  since  the  original  phenyl- 
ether described  by  HofFmeister  as  well  as  the  ditolyl  ethers 
described  by  Gladstone  and  Tribe  distil  unchanged  under 
ordinary  atmospheric  pressure.    The  nitromethyl   phenylethers 

^  Ber.  d.  chem.  Ges.,  3,  74S. 

*  J.  Chem.  Soc.  {\9&2),  p.  6. 

•  /M/..  (1886),  p.  35. 
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With  the  nitro  group  in  the  para  position  were  not  examined  in 
this  regard  but  it  is  quite  possible  that  they  would  distil  under 
ordinary  atmospheric  pressure  unchanged.  Paranitro  phenyl- 
ether  described  by  Haeussermann  and  Teichmann*  distilled  un- 
changed at  320^.  The  boiling-points  under  diminished  pressure 
lie  quite  close  together,  varying  from  196*  under  a  pressure  of 
30  mm.  in  case  of  2-nitro-2'-methyl  phenylether  to  230* -233* 
under  a  pressure  of  30  mm.  in  case  of  4-nitro-3'-methyl  phenyl- 
etfier. 

All  are  darkened  on  exposure  to  light,  but  not  in  the  same  de- 
gree. 4-Nitro-4'-methyl  ether  seems  to  be  the  most  sensitive  to 
light. 

According  to  HofFmeister,  chromic  acid  in  acetic  acid  solution 
does  not  affect  diphenylether  on  long-continued  heating  but  I 
have  found  that  it  attacks  all  of  the  nitro  methyl  phenylethers  in 
my  hands.  2-Nitro-4'-methyl  phenylether,  however,  first  yielded 
a  carboxyl  acid  by  oxidation  of  the  side-chain.  Repeated  attempts 
to  obtain  carboxyl  acids  with  the  other  isomers  were  not  suc- 
cessful. 

All  yield  a  monosulphonic  add  derivative  by  warming  with 
concentrated  sulphuric  acid  on  the  water-bath.  The  nitromethyl- 
phenylethers  differ  from  phenylether  in  that,  as  Hoffmeister 
found,  it  yielded  a  disulphonic  acid  derivative.  They  were 
similar  in  that  they  seemed  to  be  capable  of  existing  in  two 
modifications.  When  a  solution  of  one  of  the  sulphonic  acid  de- 
rivatives is  evaporated  to  a  small  bulk  on  the  water-bath  ^  thick 
syrupy  liquid  separates  which  is  of  a  deep  yellow  or  red  color. 
(This  was  at  first  thought  to  be  possibly  due  to  the  action  of  nitric 
add,  introduced  by  the  addition  of  lead  nitrate  to  precipitate  the 
excess  of  sulphuric  acid,  but  lead  chloride  was  substituted  with 
the  same  result.)  If  this  is  dissolved  in  hot  water  and  allowed  to 
stand,  it  deposits  white  or  light  yellow  crystals  which,  in  every 
case  where  the  determination  was  made,  melted  above  lOO**. 
None  of  them  were  found  to  be  deliquescent  as  Hoffmeister  found 
his  disulphonic  acid  derivative  .to  be,  but  one  was  hygroscopic 
after  desiccation  over  sulphuric  acid.  Thesulphonicacidof  2-nitro- 
2'-methyl  phenylether,  which  was  the  first  derivative  prepared,  and 

*  Ber,  d,  ckem.  Ges„  39, 1446. 
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which  was  reported  in  a  previous  paper,  was  obtained  only  in  the 
syrupy  form,  but  in  view  of  what  has  been  observed  since  with 
r^ard  to  its  isomers,  it  is  very  probable  that  it  would  also  have 
crystallized,  if  similar  conditions  had  been  supplied.  Seven  out 
of  ten  salts  that  were  analyzed  were  found  to  contain  water  of 
crystallization,  varying  from  i  to  4  molecules.  Water  solutions 
of  all  of  the  acids  and  salts  were  more  or  less  yellow  whether  the 
acids  and  salts  themselves  were  yellow  or  not. 

Orthobromnitrobenzene  seems  to  act  the  most  readily  upon  the 
potassium  cresolates.  Parabromnitrobenzene  and  the  potassium 
cresolates  require  a  continued  application  of  heat  for  a  longer  or 
shorter  period. 

The  specific  gravities  of  2-nitro-2'-methyl  phenylether  and 
2-nitro-3'-methyl  phenylether  are  about  8.5  per  cent,  higher  than 
those  of  diphenylether  and  ditolyl  ether  as  determined  by  Glad- 
stone and  Tribe  and  considerably  less  than  that  of  paranitro- 
phenylether  -as  determined  by  Haeussermann  and  Teichman.* 

There  is  a  marked  tendency  to  crystallize  in  radial  aggregations 
or  warty  masses.  This  property  is  especially  noticeable  in  the 
salts  of  the  sulphonic  acid  derivatives.  It  was  first  noted  in  the 
barium  salt  of  the  disulphonic  acid  derivative  of  phenylether,  by 
Hoflfmeister. 

All  yielded  a  dinitro  derivative  with  great  readiness  by  simply 
heating  with  concentrated  nitric  acid,  when  they  passed  into 
solution.  It  is  possible  that  some  of  these  substances  are  identical, 
since  their  melting-points,  as  determined,  lie  quite  close  together, 
e,  g.,  nitro-2-nitro-4'-methyl  phenylether,  with  a  melting-point  of 
100**,  and  nitro-4-nitro-4'-methyl  phenylether,  with  a  melting- 
point  of  loi**.  Only  one  of  the  mother-substances  was  boiled 
with  concentrated  nitric  acid  for  any  length  of  time.  It  yielded  a 
hexanitro  derivative. 

Other  work  is  contemplated  for  the  coming  year  on  two  or 
three  lines  to  extend  our  knowledge  of  phenylether  and  its  de- 
rivatives. 

MO&NIirO«IOS  COLLBOB, 

810UZ  CiTT,  Iowa, 

August  30,  X9oa. 

1  Str,  d,  ehem.  Ges.^  a^,  1448. 


AN  INVESnOATION  OF  AnnONfO-SILVER  COHPOUNDSIN 

SOLUTION. 

Bt  W.  R.  Wbitn bt  and  a.  C  Mblchbr. 

RsoslTed  OcWbMr  9»  ipos* 

I.      INTRODUCTION. 

This  investigation  was  b^^n  and  in  large  part  executed  nearly 
three  years  ago  at  a  time  when  much  uncertainty  existed  in  r^[ard 
to  the  constitution  of  the  ammonio-silver  compounds  in  solution. 
Its  completion  and  publication  was,  however,  unavoidably  de- 
layed, and  in  the  meantime  other  investigations  have  been  pub- 
lished, which  leave  no  reasonable  doubt  that  these  compounds 
have  [the  formula  (Ag(NH,),)'Cl',  etc.,  the  silver  existing  in 
dilute  solution  almost  wholly  in  the  form  of  the  complex  cation 
Ag(NH,),'.  This  conclusion  is  confirmed  by  experiments  based 
on  a  variety  of  different  principles.  Reychler*  showed  that  the 
freezing-point  of  silver  nitrate  or  sulphate  solution  is  almost  un- 
affected by  the  addition  of  ammonia  until  2  mols  have  been  added 
for  each  atomic  weight  of  silver  present,  and  that  subsequent 
additions  then  produce  the  normal  lowering,  th^  same  as  in  pure 
water.  Konowalow*  and  Gaus*  found  that  silver  nitrate  and 
diloride  added  to  a  solution  of  ammonia  reduced  the  partial 
pressure  of  the  ammonia  gas  to  a  value  equal  to  that  of  a  solution 
of  pure  anunonia  of  a  concentration  less  by  2  mols  of  ammonia 
for  each  atomic  weight  of  silver  present.  Berthelot  and  Delepine* 
proved  by  mixing  dilute  silver  nitrate  and  ammonia  solutions  that 
no  heat  effect  resulted  upon  adding  either  compound  in  excess  of 
the  amount  corresponding  to  the  ratio  lAgNO,  :2NH,.  Finally 
Bodlander  and  Fittig*  have  made  a  thorough  investigation  of  the 
solubility  of  silver  chloride  and  bromide  in  ammonia  solutions  of 
various  concentrations,  and  that  of  the  former  salt  in  solutions 
containing  both  ammonia  and  potassium  chloride  or  ammonia  and 
silver  nitrate,  and  by  application  of  the  Mass  Action  Law  to  the 
results  have  shown  that  the  silver  is  present  almost  exclusively  in 
the  form  of  the  compound  Ag(NH,)/R'  and  its  ions.     They  also 

>  Ber.  d.  ekem.  Get.,  aS.  555  (»895). 

>  Zlschr.  pkjn.  Clum.,  aS.  5SB  (1898)- 

*  Ztsckr.  amorg.  Ckern.^  af ,  236  (1900). 

«  C^PL  Rmd.,  199, 3S6  (1899). 

»  ZUckr.pkn.  aum,,  ft,  597  («9oO. 
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confirmed  this  conclusion  by  measuring  the  electromotive  force  of 
concentration  elements  composed  of  silver  electrodes  in  twc^ 
solutions  containing  the  same  concentration  of  silver  nitrate  or 
chloride  and  different  concentrations  of  ammonia,  or  the  reverse* 
From  both  the  solubility  and  electromotive  force  values  they  de- 
rived the  dissociation-constant  of  the  complex  ion  with  reference 
to  its  components  (Ag  and  NH,),  and  found  it  to  be  extremely 
small. 

In  spite  of  these  numerous  investigations  on  the  subject,  it  has 
seemed  to  us  that  our  own  experiments  were  worthy  of  publica- 
tion ;  first,  because  they  furnish  further  evidence  of  the  formation 
of  the  ion  Ag(NH8)2'  by  an  entirely  independent  method — that  of 
electrical  transference ;  second,  because  many  of  the  experiments 
involving  principles  previously  applied  were  made  with  silver  hy- 
droxide instead  of  with  silver  salts,  so  that  the  data  are  new  ones ; 
and  third,  because,  even  when  the  same  compounds  and  methods 
were  used  the  confirmation  of  quantitative  data  Vy  independent 
investigators  is  always  of  some  value. 

lU     TRANSFERENCE  EXPERIMENTS. 

Since  the  conductivity  and  dissociation  of  ammonium  hydroxide 
is  very  slight,  and  that  of  the  silver  and  ammonio-silvef  com- 
pounds is  comparable  with  that  of  other  salts,  the  simple  or  com- 
plex silver  ions  will  alone  migrate  to  an  appreciable  extent  when 
a  solution  containing  both  ammonia  and  silver  salt  is  electrolyzed. 
If,  therefore,  such  a  solution  is  placed  at  the  anode  end  of  an 
electrolysis  tube,  the  rest  of  which  is  filled  with  some  other  elec- 
trolyte (like  sodium  nitrate),  and  a  current  is  passed  through,  and 
if  after  a  sufficient  time  the  ratio  of  silver  to  ammonia  is  analytic- 
ally determined  in  the  adjoining  and  more  remote  portions  of  the 
solution  which  originally  contained  neither  of  these  substances, 
the  composition  of  the  complex  ion  can  be  determined,  provided 
that  only  a  single  kind  is  formed,  and  that  this  does  not  undergo  a 
considerable  dissociation  in  the  absence  ofitsdissociationproducts^ 

Experiments  of  this  nature  have  been  made  by  us  on  ammonio- 
silver  nitrate  and  sulphate,  with  solutions  of  each  salt  having  two 
different  ratios  of  ammonia  to  silver  in  the  anode  part  of  the  tube* 
The  apparatus  used  in  these  experiments  has  been  previously 


s 
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described  by  A.  A.  Noyes.*    It  consists  of  two  large  glass  U- 
tubcs  which  have  one  of  their  arms  bent  at  right  angles  and  which 
are  joined  beyond  the  bends  by  a  piece  of  soft  rubber  tubing.  The 
inside   arms    were    completely    filled,    and    the    outside    arms 
were   charged    for   about    i    cm.    in    one   tube   and  4  cm.  in 
the  other  tube  above  the  top  of  the  lower  bends,  with  a  solution  of 
the  sodium  salt,  nitrate  or  sulphate,  having  a  concentration  of 
one-tenth  mol  per  liter.    On  the  side  having  the  least  solution, 
about  50  cc.  of  an  ammonio-silver  solution  of  known  ratio  of 
ammonia  to  silver  and  of  a  concentration  in  ammonia  of  i  mol  per 
liter  was  now  added ;  and  this,  owing  to  its  greater  specific  gravity, 
immediately  sank  into  the  bend.    Methyl  orange,  which  had  been 
previously  added  to  the  ammonio-silver  solution  to  color  it  yellow, 
showed  the  line  of  demarkation  between  the  sodium  salt  solution 
and  the  ammonio-silver  salt  solution  and  served  to  give  an  indi- 
cation of  any  possible  stirring  during  the  electrolysis.     In  the 
case  of  the  nitrate,  nitric  acid  and  ammonia  were  added  to  the 
cathode  and  anode  sides  respectively,  as  the  electrolysis  proceeded, 
to  neutralize  the  products  of  the  electrolysis,  while  with  the  sul- 
phate enough  sulphuric  acid  and  ammonia  were  added  at  first  to 
neutralize  all  products  which  might  be  formed.    Both  of  these 
methods  of  neutralizing  the  products  of  electrolysis  were  tested 
by  electrolyzing  a  sodium  salt  solution  alone,  without  the  addition 
of  the  ammonio-silver  solution ;  in  these  tests  in  the  arm  adjoining 
the  anode  the  portions  were  found  to  remain  entirely  neutral. 
When  after  five  hours  the  electrolysis  was  stopped,  the  portions 
numbered  1-3  were  taken  from  the  inside  arm  beginning  Portion 
I  about  I   cm.  above  the  line  of  demarkation.      These  were 
analyzed  by  first  titrating  the  ammonia  with  nitric  acid  and  then 
precipitating  the  silver  as  chloride,  filtering  on  Gooch  crucibles  and 
weighing  after  drying  at  150**.    The  experimental  data  are  pven 
in  Tables  I  and  II.    The  ratios  of  the  ammonia  to  silver  are  ex- 
pressed in  equivalents.    The  temperature  was  25°  in  all  cases. 
The  current  used  was  between  0.15  and  0.20  ampere. 

I  This  Journal,  a3,  4a  (1901)- 
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Tablk  I.— Transfbrbncb  Bzpbrimbnts  with  Ammonio-Silvbi 


NiTRATB. 

Initial 

Bacpt. 
No. 

rmtio 
Cnh,  ^Ag 
at  anode. 

Por. 
tion. 
No. 

portion. 

weight 
of  AgCl 
obUined. 

Cc 

0.4625  N 

KNOtttMd. 

Ratio 
CNH,:CAg. 

I 

2.5 

I 

50 

0.5729 

17.84 

a.065 

2 

50 

0.5517 

17.06 

2.051 

3 

54 

0.3062 

9.27 

2.068 

2 

2-5 

I 

45 

0.4784 

14.85 

2.059 

2 

57 

0.5921 

18.27 

2.046 

3 

71 

0.4850 

14.93 

2.042 

3 

35 

I 

40 

0.3873 

11.99 

2.05a 

2 

48 

0.4193 

12.79 

2.023 

3 

61 

0.2003 

6.19 

2x>54 

4 

35 

I 

45 

0.4613 

14.59 

2.097 

2 

49 

0.5016 

15.85 

2.096 

3 

61 

0.4929 

15.48 

2.082 

5 

35 

I 

38 

0.3990 

12.48 

2.074 

2 

49 

0.4882 

15.29 

2.077 

3 

57 

0.3722 

"57 

2.062 

Tabu  11.— Transpbrbncb  Bxpbrimbnts  with  Ammonio-Silvbr 

SULPHATB. 

Initial 

■^ 

laUo 
CNH,:CAr 

Por- 
tion 

Weiffht 

Weiirht 
of  AgCl 

Cc 
0.9006  N 

Ratio. 

atanode. 

No. 

portion. 

obtoined. 

HNOtoaed. 

Cnh,:Cac. 

I 

2.5 

I 

41 

0.5065 

37.34 

2.121 

2 

67 

0.4862 

34.47 

2.040 

3 

68 

0.1034 

7.24 

2.015 

2 

2.5 

I 

41 

0.4032 

29.57 

2. 1 10 

2 

59 

0:5485 

38.44 

2.017 

3 

68 

0.1637 

11.29 

1.985 

3 

2.5 

I 

56 

0.5173 

37.32 

2.075 

2 

58 

0.4065 

28.10 

1.989 

3 

74 

0.0414 

2.81 

1.95 

4 

35 

I 

49 

0.1700 

13.83 

2.289 

2 

48 

0.1377 

10.78 

2.258 

3 

67 

0.0616 

4.46 

2.083 

5 

3-5 

I 

45 

0.2352 

J9.91 

2.435 

2 

44 

0.2032 

14.95 

2. 1 17 

3 

62 

0.0631 

447 

2JO38 

6 

35 

I 

65 

0.5041 

40.92 

2.335 

2 

57 

0.3976 

29.32 

2.I2I 

3 

69 

0.0757 

5.57 

2.II7 

The  atomic  ratio  of  ammonia  to  silver  in  each  experiment  with 
the  ammonio-silver  nitrate  is  almost  the  same  in  all  portions,  but 
it  does  have  a  slightly  larger  value  in  the  portion  nearest  the 
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ammonio-silver  solution  at  the  anode.    This  mean  value  of  the 
ratio  is  2.045  when  the  original  ratio  is  2.5,  and  2.069  when  it 

The  atomic  ratio  in  the  experiments  with  ammonio-silver  sul- 
phate is  always  higher  in  the  portion  adjoining  the  anode  portion 
than  in  the  more  remote  ones  and  considerably  lai^er  than  2.0. 
It  is  doubtful  whether  this  has  any  significance,  however,  for  that 
portion  may  have  been  influenced  mechanically  by  the  anode 
portion.  The  mean  value  of  the  ratio  in  Portions  2  and  3  is 
2.000  in  the  experiments  where  the  original  ratio  at  the  anode  was 
2.5,  and  2.122  in  those  where  that  ratio  was  3.5. 

It  is  evident  from  all  these  results  that  the  ammonio-silver  ion 
mtisthave  the  formula  Ag«(NH,),i..  This  is  therefore  a  con- 
firmation of  the  conclusion  drawn  from  the  results  by  other 
methods.  These  experiments  furnish,  of  course,  no  indication  as 
to  the  value  of  n  in  the  formula. 

III.     FREEZING-POINTS  OF  SOLUTIONS  OF  SILVER  HYDROXIDE  AND 

AMMONIA. 

The  silver  oxide,  used  in  the  freezing-point  and  conductivity 
experiments,  was  prepared  from  clear  crystals  of  silver  nitrate 
and  chlorine-free  potassium  hydroxide.  It  was  precipitated  from 
boiling  solution  and  washed  with  boiling  water.  Its  freedom 
from  silver  chloride  was  proved  by  dissolving  it  in  nitric  acid  and 
subsequently  diluting.  The  ammonia  used  was  made  by  diluting 
the  commercial  chemically  pure  ammonia  of  specific  gravity  0.90. 

The  freezing-point  determinations  were  made  with  the  Beck- 
mann  apparatus,  the  usual  precautions  with  reference  to  the 
quantity  of  ice  separated  and  the  temperature  of  the  outer  bath 
being  observed.  The  solutions  used  in  the  experiments  numbered 
1-15  in  the  following  table  were  obtained  by  saturating  ammonia 
solutions  of  various  concentrations  with  silver  oxide  at  25^ ;  the 
suialytical  data  in  regard  to  them  will  be  found  in  Table  V  under 
the  section  on  Solubility  Experiments.  The  solutions  used  in  the 
experiments  numbered  21  and  22  were  not  saturated,  and  were 
prepared  especially  for  the  freezing-point  work. 

The  first  column  in  the  table  gives  the  experiment  numbers, 
which  correspond  to  those  in  Table  V.    The  second  and  third 
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columns  contain  the  concentrations  in  mols  of  silver  and  ammonia 
per  1000  grams  of  water,  calculated  on  the  assumption  that  the 
silver  exists  as  Ag(NH,)20H  and  the  remaining  ammonia  as 
NH^OH.  The  fourth  column  contains  the  actual  freezing-point 
of  the  ammonio-silver  solution,  while  in  the  fifth  column  is  tfie 
freezing-point  of  the  ammonia  solution  of  equivalent  concentra- 
tion, calculated  with  the  constant,  18.6.  The  rise  in  freezing- 
point  caused  by  the  addition  of  silver  oxide  is  given  in  column  6; 
and  the  corresponding  decrease  in  the  number  of  mols  present, 
calculated  by  using  18.6  as  the  molecular  lowering,  is  given  in 
column  7. 

Table  III.— Frbezino-points  op  Aqueous  Solutions  of  Silver  Hy- 
droxide AND  Abcmonia. 

Freezing-points. 


Experi- 
ment No. 

MoU  AgOH 
per  Uter. 

MolsNHs 
per  Uter. 

Ammonio- 
silver 
solution. 

Pure 
smmonls 
solution. 

Difference. 

Dccremse< 
molspresei 

I 

0.0654 

0.214 

0.378 

0.395 

0.017 

0.009 

2 

0.0658 

0.220 

0.388 

0.407 

0.019 

0.010 

3 

0.134 

0.458 

0.838 

0.846 

0.008 

0.004 

4 

0.140 

0.469 

0.856 

0.866 

0.010 

0.005 

5 

0.205 

0.671 

1.228 

1.238 

O.OIO 

0.005 

6 

0.205 

0.684 

1.244 

1. 261 

0.017 

0.009 

9 

0.251 

O.811 

1.460 

1.496 

0.036 

0.019 

xo 

0.248 

0.827 

1.506 

1.527 

0.021 

O.OJI 

II 

0.242 

0.830 

1.500 

I.53I 

0.031 

0.017 

12 

0.257 

0.876 

1.588 

I.616 

0.028 

0.015 

13 

0.278 

0.899 

1.616 

1.659 

0.043 

0.023 

15 

0.299 

0.999 

1.820 

1.843 

0.023 

0.012 

21 

O.III* 

0.405* 

0.734 

0.748 

0.014 

0.008 

22 

o.i5i» 

1.063' 

1.948 

1.964 

0.016 

0.009 

A  consideration  of  the  magnitude  of  the  values  given  in  colunui 
6  shows  that  the  freezing-point  is  only  very  slightly  raised  even 
by  the  addition  of  considerable  quantities  of  silver  oxide.  A 
comparison  of  columns  3  and  7  shows  that  the  niunbcr  of  mole- 
cules, which  have  disappeared  on  the  addition  of  silver  hydroxide 
is  only,  in  the  extreme  case,  4  per  cent,  of  the  total  number  of 
molecules  present.    This  change  is  so  small  that  the  number  of 

1  Ten  grams  of  this  solution  required  10.67  cc.  of  0.4715  normal  hydrochloric  add  for  its 
neutralisation  and  srielded  0.1554  gram  of  silver  chloride. 

*  Fifty  grams  of  this  solution  required  133.71  cc.  of  0.4715  normal  hydrochloric  add  fpr 
its  neutralisation  and  yielded  1.0394  grams  of  silver  chloride. 
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molecules  may  be  said  to  be  unchanged  by  the  solution  of  silver 
oxide  in  the  solution.  It  is  evident  that  this  fact  is  consistent  with 
Ae  formation  of  the  ccxnpound  Ag(NHg),OH  only  under  the 
asstunption  that  the  dissociation  of  this  compound  is  substantially 
complete.  In  that  case  for  every  2  molecules  of  ammonia  which 
^Usappear,  2  new  molecules,  Ag(NH,)/  and  OH',  are  formed. 
As  there  were  no  existing  data  c»i  the  conductivity  of  ammonio- 
silver  hydroxide,  we  have  investigated  it  in  this  direction. 

IV.      CONDUCTIVITY  OF  AMMONIO-SILVER  HYDROXIDE. 

The  saturated  solution  of  Experiment  15  (Tables  III  and  V) 
and  four  dilutions  of  it  made  outside  of  the  resistance  cell  by 
tneans  of  graduated  flasks  were  used  for  the  conductivity  measure- 
ments. The  ratio  NHjrAg  in  this  solution  was  3.35.  As  the 
ammonio-silver  hydroxide  proved  to  be  a  highly  dissociated  base, 
the  excess  of  ammonia  could  have,  in  its  presence,  no  appreciable 
conductivity  of  its  own,  and  it  served  to  reduce  any  tendency  of 
the  complex  ion  to  dissociate  into  its  components.  The  measure- 
ments were  made  by  the  usual  method  of  Kohlrausch  at  a  temper- 
ature of  24.75**.  The  conductivities  are  expressed  in  reciprocal 
ohms.  The  cell-constant  determined  by  means  of  ^/go  molar 
potassium  chloride  was  954.8.  The  results  are  presented  in  the 
following  table. 


B IV.— Equivalknt  Conductivity  OF  Ammonio-Silvbr  Hydroxidb. 

Uters                                              Actual 

Equivalent 

per  moL                                        conductivity. 

conductivity. 

3,55                                                0.0610 

194.8 

6.69                                                0.0314 

200.5 

13.38                                                0.0159 

203.3 

26.75                                                0.00804 

205.3 

5350                                                0.00403 

205.8 

The  equivalent  conductivity  of  completely  dissociated  silver 
hydroxide  is  at  this  temperature,  according  to  Kohlrausch 's  values 
for  the  separate  ion,  258.5.^  This  value  is  of  the  same  order  of 
magnitude  as  those  given  in  the  table,  and  it  proves  that  the 
ammonio-silver  hydroxide  unlike  ammonium  hydroxide  is  a 
largely  dissociated  base.  This  conclusion  is  further  confirmed  by 
the  fact  that  its  equivalent  conductivity  changes  only  very  slightly 
with  increasing  dilution.    The  difference  between  its  value  in 

I  See  Sitxungsber.  kOn.  preuss.  Akad.  der  Wusenschc^ft^  (190O.  p.  1031. 
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Vm-i  molar  solution  and  that  of  completely  dissociated  silver  hy- 
droxide may  well  be  wholly  due  to  the  slower  rate  of  migration  of 
the  complex  ion  and  to  the  usual  small  proportion  of  undissodatcd 
molecules  present  at  such  concentrations  even  in  the  case  of  highly 
dissociated  bases  like  potassium  hydroxide. 

The  facts  that  this  complex  base  is  nearly  ccmipletely  dissoci- 
ated and  that  the  freezing-point  of  ammonia  solutions  does  not 
change  on  dissolving  silver  hydroxide  in  them  show  that  the  com- 
position of  the  complex  compound  must  be  represented  by  the 
formula  Ag.(NH,)„+,(OH), ;  for  when  («  +  i)  molecules  of 
NH4OH  disappear  through  combination,  this  formula  evidendy 
requires  that  (n+  i)  be  reproduced,  namely  n  molecules  of 
OH'  and  i  molecule  of  Ag«(NH,)„+ ,. 

v.      SOLUBIUTY    OF    SILVER    OXIDE^    CHLORIDE,    AND    BROMIDE   IN 
AQUEOUS  AMMONIA  SOLUTIONS. 

The  silver  oxide  was  prepared  as  described  in  Section  3.  The 
silver  chloride  was  prepared  in  a  dark  room  from  silver  nitrate 
crystals  by  precipitation  with  potassium  chloride,  which  had  been 
previously  twice  crystallized  from  hot  water.  It  was  then  washed 
free  from  chlorides.  The  silver  brcxnide  was  made  from  potas- 
sium bromide,  which  had  been  boiled  for  half  an  hour  with 
bromine  to  expel  all  iodine  and  then  crystallized  from  sdution. 
After  washing  it  free  from  soluble  bromides,  it  was  rotated  in  a 
bottle  with  two  successive  portions  of  half-normal  ammonia  to 
dissolve  any  chloride  present.  The  ammonia  was  made  by  the 
distillation  from  potassium  hydroxide  of  con^nerdal  ammonia. 

The  solutions  were  saturated  by  rotating  them  for  six  hours  or 
more  in  the  solubility  apparatus  described  by  Noyes,*  the  temper- 
ature of  the  bath  being  kept  constant  within  0.05^.  In  the  cases 
of  the  silver  chloride  and  bromide  experiments,  the  state  of  satu- 
ration was.  approached  both  from  the  undersaturated  and  the 
supersaturated  side,  the  two  procedures  being  distinguished  by 
the  letters  u  and  s  in  the  tables  below.  Since  the  solubility  is 
greater  the  lower  the  temperature,  in  the  former  procedure  the 
silver  compound  was  added  to  the  ammonia  solution  only  after  it 
had  been  brought  to  the  temperature  of  the  bath;  in  the  latter, 
the  solutions  were  first  shaken  at  18^  for  fifteen  minutes  with  an 

1  Zttckr.  fkyu  OhcM.,  9, 606  (1899). 
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excess  of  the  salt  and  then  rotated  in  the  thermostat.  In  the  case 
of  silver  oxide,  the  oxide  was  added  to  the  ammonia  at  room 
temperature  and  then  immediately  placed  in  the  thermostat  for 
rotation.  The  experiments  were  all  made  at  25^,  except  that  two 
vcre  made  with  silver  oxide  at  o**  for  the  purpose  of  orientation. 

The  results  are  given  in  Tables  V  to  VII,  which  are  sufEdently 
explained  by  the  headings. 

It  will  be  seen  that  in  the  experiments  with  silver  oxide  the 
ratio  Cnhs  •  Ca^  is  constant  within  the  experimental  error  through- 
out the  whole  range  of  concentration,  even  though  that  of  the 
ammonia  varied  from  about  0.2  to  1.5  molar.  In  other  words, 
within  these  limits  of  concentration  tfie  quantity  of  silver  dis- 
solved is  almost  exactly  proportional  to  the  quantity  of  ammonia 
in  the  solution.  It  has  already  been  shown  by  Bodlander  and 
Fittig^  that,  assuming  th^  complex  compound  to  be  completely 
dissociated  into  its  two  ions,  this  constancy  of  the  ratio  is  pre- 
dicted by  the  Mass  Action  Law  for  any  compound  of  the  formula 
Ag.(NH,)«+,R«  and  only  for  one  of  that  formula.  As  the  con- 
ductivity measurements  of  Table  IV  show  that  the  undissociated 
portion  is  relatively  small,  this  constant  ratio  shows  beyond  a 
doubt  that  the  compound  in  question  has  this  general  formula.* 
The  mean  value  of  the  ratio  is  3.314. 

In  the  case  of  the  silver  chloride  the  ratio  Cnhs  :  Ca^  varies 
continuously  in  value  from  13.5  when  the  ammonia  is  2.0  molar 
to  20.0  when  it  is  0.028  molar.  However,  as  the  solution  becomes 
more  and  more  dilute  the  values  become  more  nearly  constant; 
and  by  plotting  them  a  limiting  value  of  20.20  for  the  ratio  in 
very  dilute  solution  was  obtained. 

These  results  agree  fairly  well  with  those  of  Bodlander  and 
Fittig,  who  found  for  o.i  molar  ammonia  the  ratio  19.7  (our 

*  Ztiekr,  fikft,  Oum,^  39,  598. 

*  It  ia  true,  to  be  mire,  t^t  the  coattmncy  of  the  ntio  CNHt :  CAf  is  much  more  per- 
fect than  would  be  expected  theoreticaUy ;  for  «  few  per  cent,  of  the  miditeodated  com- 
pomd  aott  Im  preeent  even  ia  the  aioet  dilute  ntuimted  folutkm,  aad  the  absolute  qnan- 
tityofthisahoald  iacreaae  {.roportionally  to  the  («•  +  x)  power  (iasteadof  the  first  power) 
of  the  GOBceatxation  of  the  free  amaioaia,  aad  thus  diaiiaish  the  Tslae  of  the  ratia  That 
it  docs  Bot  do  so  is  probably  to  be  attributed  partly  to  the  same  cause,  whatever  it  may  be, 
thst  makes  strong  electrolytes  deviate  in  the  same  sense  from  the  theoretical  dilution  law. 
tt  BMty  be  due  in  part  to  a  compensation  of  the  theoretical  solubility  increase  by  a  decrease 
ia  lolveBt  power  in  the  more  concentrated  solutions.  How  considerable  this  last  may  be 
it  diQwn  by  the  ezperiments  of  Konowalow  {ZUckr.  /^.  Ckem,^  ^s*  37^)  ^"oA  of  Rothmund 
ttd  Wilsmore  (Ihtd.,  41, 619). 
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0.1877 

12.26 

0.134 
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3.420 

4 
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0.2847 

18.00 
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9.97 

0.2807 
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3.343 
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21.68 
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10.14 
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0.242 
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3.424 

12 

14.36 

0.5025 

32.80 

0.257 
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3.402 
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10.07 

0.3800 
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3.237 

14 

9.97 

0.3730 

23.82 

0.276 
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3.320 
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VI.— SOI.UBII,ITY    OJ 

SlI^VER 

Chloridb 

IN  • 

Aqubous 

Ammos 

i 

1^ 

1 

Solutions. 

6»      d^ 

* 

(J 

1 

I  47.81  0.9471  193-83  2.042  0.I5I  13.57 

2  47.01  0.9264  188.76  2.017  0.149  13.51 

3  48.05  0.9431  192.23  2.013  O.I49  13.51 

4  46.48  0.9026  184.10  T.991  0.147  13-51 

5  49.24  0.4189  98.51  0.961  0.0616  15.59 


6 

47.76 

0.3849 

91-23 

0.916 

0.0583 

15.71 

u 

7 

47.69 

0.3850 

90.49 

0.909 

0.0584 

15-59 

u 

8 

47-93 

0.3797 

90.37 

0.903 

0.0572 

15.78 

s 

9 

48.71 

0.38^ 

91.08 

0.896 

0.0569 

15-73 

s 

10 

49.76 

0.3825 

90.78 

0.873 

0.0555 

15.73 

u 

1  These  two  experiments  were  made  at  o^  instead  of  35^. 
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17 
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20 
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29 
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0.00159 
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0.1082 
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0.268 

0.000941 

284.7 
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6I6.I 

0.1223 

831.2 

0.273 

0.00107 

256.2 

u 

622.3 

0.0455 

355.8 

0.115 

0.000391 

294.7 

u 

625.5 

0.0451 

.  365.3 

0.118 

0.000386 

298.3 

u 

7  .611.9   0.0316    232.2   0.0764   0.000276   277.0 

8  613.1   0.0303    236.8   0.0777   0.000264   294.5 
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value  19.1)  ;  for  0.5  molar,  the  value  18.8  (our  value  17.0);  for 
i.o  molar,  the  ratio  15.8  (our  value  15.5)  ;  and  for  1.9  molar  the 
ratio  14.0  (our  value  13.7). 

The  fact  that  this  considerable  variation  in  the  value  of  the 
ratio  takes  place  with  the  chloride,  while  there  is  practically  no 
variation  with  the  oxide,  is  difficult  of  explanation.  Since  am- 
monium hydroxide  is  very  slightly  dissociated  and  both  anunonio- 
silver  hydroxide  and  ammonium  chloride  are  strongly  dissociated, 
not  more  than  2-3  per  cent,  of  these  latter  compounds  could  be 
formed  by  metathesis;  and  this  could  therefore  not  account  for 
the  variation.  The  formation  of  undissociated  ammonio-silver 
chloride  mig^t  explain  it ;  but  it  would  be  necessary  to  assume  a 
much  larger  proportion  of  it  than  is  usual  with  di-ionic  salts,  since 
the  maximum  concentration  of  the  complex  salt  is  only  0.15 
molar. 

In  the  case  of  silver  bromide  where  the  concentration  of  the 
dissolved  silver  is  very  small,  the  ratio  shows  no  progressive 
variation  with  the  concentration  pf  the  ammonia,  though  this 
varied  from  0.08  to  0.45  molar.  Thus  for  this  salt  the  constancy 
required  by  the  formtda  Ag(NH,)„  +  ,(OH)„  is  fulfilled. 
The  mean  value  of  the  ratio  is  288.8.  Bodlander  and  Fittig,  who 
carried  the  determinations  up  to  a  higher  concentration,  obtained 
for  the  ratio  the  constant  value  321  for  ammonia  concentrations 
between  0.193  and  0.574  molar,  while  for  1.97  molar  and  for  3.02 
molar,  the  values  found  were  284  and  260  respectively. 

We  will  next  compare  the  results  obtained  with  the  three 
different  silver  compounds.  It  has  been  shown  by  Bodlander  and 
Fittig  (p.  604  of  their  article)  that,  if  the  electrolytic  dissociation 
is  complete  and  the  formula  of  the  complex  ion  is  Ag(NH,)„ 
and  only  in  the  case  of  this  formula,  will  the  constant  ratio  of 
dissolved  silver  to  uncombined  ammonia,  that  is,  the  ratio 
Cac  :  (Cnh, — 2CAg) ,  in  the  case  of  different  silver  salts,  be  directly 
proportional  to  the  solubility  of  the  salts  in  pure  water.  And  they 
showed  that  the  results  with  silver  chloride  and  bromide  con- 
formed to  this  requirement  of  the  theory.  As  we  have  investi- 
gated a  third  compound  (silver  oxide),  it  is  of  interest  to  make 
a  similar  comparison  in  the  case  of  the  three  compounds.  Fromour 
values  of  the  ratio  Cnhi  :  Ca^  which  are  3.314,  20.20,  and  288.8  for 
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the  oxide,  chloride,  and  bromide,  respectively,  we  get  for  the  ratio 
Cac  :  (Chh,  —  2Ca,)  the  values  V1.14,  Vu.».  and  V..4-  These 
ratios  have  been  divided  by  one  another  in  pairs,  and  the  quotients 
are  given  in  the  column  headed  "ammonia  solution"  in  the  table 
below.  The  corresponding  quotients  for  the  solubilities  in  pure 
water  are  given  in  die  coltunn  headed  "pure  water'\  The  values 
of  the  separate  solubilities  which  are  used  are  for  silver  oxide^ 

216  X  10"^,  for  silver  chloride,'  15.0  X  10"^,  and  for  silver  bro- 
mide,' 0.71  X  10^. 

AmmonU  tolution.  Pare  water. 

AgOH  :  AgCl 13.86  14.40 

AgOH  :  AgBr 218.3  5^-3 

AgO    :AgBr 15.76  ai.13 

The  agreement  of  the  two  values  is  fairly  close  in  the  case  of 
the  AgOHrAgCl  ratio.  In  the  other  ratios,  which  involve  silver 
bromide,  the  values  are  more  discordant,  owing  undoubtedly 
mainly  to  an  error  in  the  value  of  the  solubility  in  pure  water  of 
this  very  difficultly  soluble  salt.  If,  conversely,  this  solubility  is 
calculated  from  those  of  the  other  two  silver  salts  in  pure  water 
and  the  ammonia  solution  ratios,  it  is  found  to  be  0.99  X  10  * 
when  the  silver  oxide  is  used  as  a  basis,  and  0.95  X  lo"*'  when  the 
silver  chloride  is  so  used.  The  agreement  is  remarkably  good. 
The  mean  of  these  values  (0.97  X  lo"^)  is  probably  nearer  the 
truth  than  that  obtained  by  the  conductivity  method.  Bodlander 
and  Fittig's  results  and  calculations  on  the  relative  solubilities  in 
ammonia  of  the  bromide  and  chloride  lead  to  the  value 
0.86  X  io~^,  if  the  solubility  of  the  chloride  in  water  is  taken  as 
15.0  X  10"*.  By  the  conductivity  measurements,  HoUeman  (1893) 
fomid  3.3  X  io~*,  Kohlrausch  and  Rose  2.1  X  io~*,  and  Kohl- 
rausch  and  Dolazalek  (1901)  0.71  X  10"^.  By  electromotive 
force  measurements  Goodwin  (1894)  found  0.66  X  io~~^  and 
Thiel  (1900)  0.81  X  10-^. 

In  conclusion,  attention  may  be  called  to  the  significance  of  the 
experiments  on  the  solubility  of  silver  oxide  in  ammonia  at  o"". 
The  ratio  CwHt  -  Ca.  was  found  by  the  two  experiments  recorded 
in  Table  V  to  have  the  value  2.53,  which  is  much  less  than  that 

^  Ncyca  and  Kolir  :    This  Journal,  94,  1146. 

>  KohlnnKli  and  Roae  :  ZtscAr.  phys.  Ckem.,  la,  143  (1893). 

•  Xotalimoacfa  and  Dolaaalek :  SUsungabtr,  kdm,  preuss,  Akad.  tUr  IVissemscht^/i  (1901); 
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(3.31)  at  25^.  In  other  words,  the  solubility  of  silver  oxide  in 
ammonia  is  much  greater  at  o*  than  at  25^.  This  might  be  due 
wholly  or  in  part  to  an  increase  in  the  solubility  of  silver  oxide  in 
pure  water  with  decrease  of  temperature:  but  this  is  not  the  case; 
for  the  heat  of  neutralization  of  silver  oxide  with  dilute  nitric 
acid  is,  according  to  Berthelot,  5,200  calories,  while  dissolved  and 
completely  dissociated  bases  give  the  value  13,700  calories,  whence 
it  follows  that  the  heat  of  solution  of  silver  oxide  in  water  is 
attended  by  a  large  absorption  of  heat,  and  therefore  that  its  solu- 
bility must  increase  with  rise  of  temperature.  The  results  at  o* 
therefore  show  that  the  complex  ion  Ag(NH,)j  is  very  much 
more  stable  at  that  temperature  than  at  25®.  This  is  in  agree- 
ment with  the  fact,  established  by  Berthelot  and  Delepine,^  that  a 
considerable  evolution  of  heat  occurs  upon  mixing  dilute  silver 
nitrate  and  ammonia  solutions. 

VI.      SUMMARY. 

It  has  been  shown  by  this  investigation : 

(i)  That,  when  an  electric  current  is  passed  from  a  solution 
containing  ammonia  and  silver  nitrate  or  sulphate  into  an  adjoin- 
ing solution  of  a  neutral  sodium  salt,  an  ion  of  the  formula 
AgM(NH,),M  migrates  into  the  latter  solution. 

(2)  That  the  freezing-point  of  ammonia  solutions  is  not 
changed  by  dissolving  silver  oxide  in  them. 

(3)  That  the  equivalent  conductivity  of  ammonio-silver  hy- 
droxide is  of  such  magnitude,  and  changes  so  slowly  with  increas- 
ing dilution  as  to  show  that  this  compound  is  nearly  completely 
dissociated. 

(4)  That  it  follows  from  the  two  facts  last  stated  that  am- 
monio^silvei*  hydroxide  has  the  formula  Ag„(NH,)«^,*(OH),. 

(5)  That  the  solubility  at  25®  of  silver  oxide  in  ammonia  solu- 
tions is  almost  exactly  proportional  to  the  concentration  of  the 
latter  between  the  investigated  limits  of  0.2  and  1.5  molar;  this 
fact  also  is  consistent  only  with  the  formula  given  in  4.  The 
ratio  of  the  solubility  to  the  ammonia  concentration  is  i:3.3i» 
both  being  expressed  in  equivalents. 

(6)  That  the  ratio  of  the  solubility  of  silver  chloride  to  the 
concentration  of  the  ammonia  decreases  (from  the  initial  value 

1  Compt,  Rend.,  199,  326  (1899). 
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1:13.5  at  2.0  molar)  as  the  concentration  of  the  latter  decreases, 
but  finally  attains  at  a  moderate  dilution  (about  0.025  molar)  a 
nearly  constant  value  (1:20.2). 

(7)  That  the  solubility  of  silver  bromide  as  previously  found 
byBodlander  and  Fittig  is  proportional  to  the  concentration  of  the 
ammonia  between  the  limits  of  0.08  and  045  molar,  and  that  the 
ratio  has  the  value  1:289.  The  constancy  of  this  ratio  is  in 
correspondence  with  the  requirement  of  the  formula  Ag« 
(NH,)«  +  ;Br:. 

(8)  That  the  ratio  of  the  solubilities  in  dilute  ammonia  of  silver 
oxide  and  chloride  is  the  same  as  the  ratio  of  their  solubilities  in 
water,  as  the  formula  Ag(NH,),'R'  alone  requires. 

(9)  That  the  solubility  of  silver  bromide  in  water  at  25*",  is 
foond  to  be  0.99  X  io"*and  0.95  X  lo"^  when  calculated  under 
the  assumption  of  proportionality,  from  the  relative  solubilities  in 
ammonia  of  silver  bromide  and  oxide  on  the  one  hand  and  of 
silver  bromide  and  chloride  on  the  other. 

(10)  That  the  solubility  of  silver  oxide  in  ammonia  is  much 
greater  at  o**  than  at  25**,  though  the  reverse  is  true  of  its  solu- 
bility in  pure  water ;  and  that  this  is  due  to  a  much  slighter  dis- 
sociation-tendency of  the  complex  ion  into  its  components  at  the 
lower  temperature. 

It  is  our  agreeable  duty  at  this  point  to  express  our  sincere 
thanks  to  Prof.  A.  A.  Noyes  for  his  very  considerable  assistance 
and  continual  interest  in  this  investigation. 

Massachusetts  Instttuts  of  Technology, 
Boston,  September,  190a. 
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THE  ELECTROLYTIC  ESTIHATION  OF  BISHUTH  AND  ITS 

SEPARATION  PROM  OTHER  METALS.' 

Bt  Alfred  I^bwis  Kammbkbr. 

Rcceivwl  Octx>bcr  aS,  tgoa. 

INTRODUCTION. 

In  determining  bismuth  by  the  ordinary  gravimetric  methods 
many  difficulties  confront  the  analyst.  These  limitations  led  the 
author  to  give  attention  to  the  estimation  of  this  metal  in  the 
electrolytic  way. 

^  FrcMD  the  anthor's  thesis  for  the  degree  of  Ph.D.,  1901. 
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A  careful  study  of  the  literature  was  made  and  all  the  mediodf 
thus  far  proposed  for  the  electrolytic  estimation  of  bismuth  were 
carefully  considered.  It  was  observed  that  frequent  and  numer- 
ous attempts  had  been  made  to  determine  it  electrolytically.  As 
far  back  as  1840  Cozzi  separated  bismuth  together  with  other 
metals  from  animal  fluids.  In  1862  Nickels  and,  three  years 
later,  Luckow  described  methods  for  its  qualitative  detection  in 
the  presence  of  other  metals.  In  1880  Ludwig  Schlucht  published 
an  important  series  of  investigations  on  its  behavior  in  electrolysis. 
From  this  time  on  methods  for  its  quantitative  estimation  began  to 
appear,  Luckow,  Smith  and  Classen  being  the  first  to  do  woric  in 
this  direction.  The  methods  that  have  been  pr(q>osed  are  numer- 
ous and  diverse  in  character.^  The  metal  has  been  deposited  from 
oxalic  acid  and  ammoniacal  citrate  solutions,  also  from  nitric  add, 
sulphuric  acid  and  phosphoric  acid  solutions.  Mixed'  electrolytes 
containing  alkaline  pyrophosphates,  carbonates  and  oxalates 
have  been  employed.  Vortmann  recommends  that  the  bismuth 
be  deposited  together  with  mercury  as  an  amalgam.  More  re- 
cently Karl  Wimmenauer  modified  the  old  nitric  acid  method  by 
introducing  glycerine  and  making  use  of  a  revolving  anode. 

No  one  of  the  methods  proposed  can  be  said  to  be  entirely  free 
from  objection.  In  fact  so  doubtful  is  the  successful  determina- 
tion of  bismuth  electrolytically  that  Classen  does  not  deem  it 
advisable  to  describe  even  one  method  in  the  last  edition  of  his 
book,  "Analysis  by  Electrolysis."  Under  the  heading  of  bismuth, 
he  merely  states,  that  up  to  the  present  time  it  has  been  found 
impossible  to  precipitate  bismuth  quantitatively  in  compact, 
metallic  form. 

This  lack  of  success  is  to  be  attributed  mainly  to  two  causes: 
( I )  the  non-obtainment  of  a  dense  adherent  metallic  deposit  and 
(a)  the  formation  of  superoxide  of  bismuth  on  the  anode.  The 
very  few  methods  for  which  it  is  claimed  that  diese  difficulties 
have  been  surmounted  introduce  other  limitations  and  features 
quite  undesirable,  such  as  the  use  of  very  small  quantities  of  metal, 

*  Z.^KmiAifv.— Lnckow :  Xtxkr,  mmml  OUm„  19, 16;  CluMa  uid  ir.  Jtete :  Ar,  d.  ekm. 
Gm.^  14, 16a  ;  Thomas  and  SniUi :  Am,  OUm.  J.,  g,  X14 ;  Moore :  Chem.  Nmn^  fj,  909 ; 
Smith  mad  Knerr :  Atm,  CIm./..  S.  *o6  ;  Sdilocht:  Zitekr,  mtmL  dMi.,  as.  49»l  VXtuUtr- 
Sir.  d.  cAmi.  G^,  1^  saS;  Brand  :  Ttsckr.  w»ml,  Cknm^  sS,  996;  Vortmaaa :  JScr. 4.  ekm, 
Gm,^  M*  *749:  aSdorir  :  Zisckr.  mmgtm.  Ck^m.  (1891),  p.  199;  Smith  and  Salter:  Zittkr, 
aatiy.  CAmi..  3, 41S ;  Smith  and  Mofcr :  This  JommX,  19,  aS;  Mi.,  ij,  m ;  XoUock: 
This  Jooraal.  1S99 ;  Wimmcaaiicr :  Zitckr,  amiy.  Clan.,  97*  u 
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the  employment  of  unusual  and  involved  apparatus  and  the  use  of 
solutions  difficult  to  obtain  or  solutions  which  do  not  lend  them- 
selves well  to  the  separation  of  bismuth  from  other  metals.  None 
of  these  methods  offer  any  advantages  over  the  ordinary  analytical 
methods. 

It  was  with  the  hope  of  overcoming  these  difficulties  and  elimi- 
nating the  objectionable  uncertainties  which  always  attend  the 
electrolytic  determination  of  bismuth  by  any  of  the  described 
methods  that  the  present  investigation  was  undertaken. 

Apparatus. — The  apparatus  used  in  this  work  was  that  usually 
employed  in  electrolysis.  As  cathodes  platinum  dishes  were  used 
of  the  ordinary  shape,  having  a  cathode  surface  of  100  sq.  cm. 
when  containing  150  cc.  of  liquid.  S<xne  had  polished  interior 
surfaces,  others  had  their  interior  surfaces  roughened  (sand- 
blasted). Larger  dishes,  having  a  capacity  of  250  cc,  and  a 
cathode  surface  of  200  sq.  cm.,  were  also  employed. 

The  anodes  were  of  two  styles,  ordinary  flat  spirals  of  two  turns 
of  stout  platinum  wire,  having  an  anode  surface  of  4.5  sq.  cm.  and 
basket  anodes,  having  an  anode  surface  of  60  sq.  cm.  The  latter 
style  of  anodes  has  the  ^ame  shape  as  the  platinum  dish  which  is 
used  as  the  cathode  and  is  perforated  with  quite  a  number  of  holes 
to  allow  free  circulation  of  the  electrolyte. 

Platinum  gauze  electrodes  were  also  experimented  with.  They 
were  in  the  shape  of  upright  cylinders  5  cm.  high  and  10  cm.  in 
circumference,  the  anode  surrounding  the  cathode,  and  each  hav- 
ing an  electrode  surface  of  10  sq.  cm.  They  dipped,  or  rather, 
were  immersed,  into  the  electrolyte  contained  in  a  beaker-glass  of 
300  cc.  capacity. 

The  advantages  offered  by  gauze  electrodes  are,  briefly,  that  a 
very  uniform  current  density  is  obtained  all  over  the  electrode, 
and  therefore  a  uniform  deposit  of  metal,  that  the  deposit  entirely 
surrounds  the  wire  and,  therefore,  cannot  readily  peal  off,  and 
finally,  that  larger  currents  can  be  employed,  thus  reducing  the 
time  of  deposition.* 

The  current  used  in  these  depositions  was  derived  from  storage 
cells. 

The  heating  of  the  electroI)rte  was  accomplished  by  means  of  a 

>  CL  Winkler :  Btr,  d,  ehem.  Ga.^  39,  SX92 ;  also  Zischr.  anal  Cktm.,  J9,  5x7. 
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very  small  flame  of  a  Bunsen  burner.  A  sheet  of  asbestos  placed 
a  quarter  of  an  inch  below  the  dish  shielded  it  from  the  direct 
flame  of  the  burner. 

During  the  electrolysis  the  dishes  were  kept  covered  with  cover- 
glasses  having  two  perforations  ground  into  them.  Through  one 
passed  the  connecting  wire  of  the  anode  and  through  the  other 
hung  a  therm<Mneter  which  dipped  into  the  electrolyte  during  the 
whole  deposition  so  that  the  temperature  could  be  closely  watched. 

SOLUTION. 

Sulphuric  acid,  of  all  the  available  solutions  from  which  to  de- 
posit the  metal,  seemed  to  offer  the  greatest  advantages  and  was 
therefore  selected.  As  early  as  1883  Thomas  and  Smith^  and  in 
1886  Smith  and  Knerr*  worked  with  this  electrolyte  and  with 
considerable  success,  but  as  this  was  before  the  introduction  of 
precise  measurement  of  current  strength  and  voltage  into  electro- 
lytic work,  their  conditions  as  to  these  points  arenotverydefinitdy 
stated.  In  these  experiments  they  limited  themselves  to  the  em- 
ployment of  small  quantities  of  metal,  which  is  objectionable  as  it 
increases  the  percentage  error. 

Having  selected  sulphuric  acid,  attention  was  first  directed 
toward  obtaining  a  solution  of  bismuth  sulphate.  The  great 
insolubility  of  the  sulphate  and  the  strong  tendency  of  the  dis- 
solved sulphate  to  form  insoluble  basic  sulphates  were  difficulties 
not  easily  overcome,  and  the  simple  sulphate  solution  was  soon 
abandoned  as  impracticable.  Two  determinations,  however,  were 
made  from  simple  sulphuric  acid  solutions  obtained  as  follows: 
a  weighed  quantity  of  bismuth  oxide  was  dissolved  in  a  few  cubic 
centimeter^  of  nitric  acid  and  then  evaporated  down  with  concen- 
trated sulphuric  acid  until  fumes  appeared,  when  it  was  diluted 
with  water  and  electrolyzed. 

In  all  the  subsequent  determinations  definite  volumes  of  a 
standardized  nitric  acid  solution  of  bismuth  were  employed.  The 
solution  was  made  up  as  follows:  20  grams  (approximately)  of 
bismuth  subnitrate  were  dissolved  in  100  cc.  of  nitric  acid  (sp.  gr. 
1.42)  and  this  solution  diluted  to  i  liter  with  water.  The  bismuth 
content  of  the  solution  was  then  ascertained  by  cautiously  evapo- 

1  Am.  Chem.J.,  $,  1x4. 
I  /Mf.,  S,  M6. 
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rating'  20  cc.  to  dryness  in  a  porcelain  crucible  and  igniting  to 
bismuth  oxide  (Bi,0,)  and  weighing  as  such.  10  cc.  of  such  a 
solution  will  contain  from  o.io  to  0.15  gram  of  bismuth  and  i  oc 
of  nitric  add. 

EXPERIMENTAL  PART. 

Definite  volumes  of  the  standardized  bismuth  solution  were 
dectrolyzed  in  the  presence  of  free  sulphuric  acid  and  an  alkali 
sulphate,  the  dilution  being  usually  150  cc. 

The  effect  of  the  quantity  of  sulphuric  acid  on  the  deposition 
was  studied,  also  the  influence  of  different  alkali  sulphates  in 
varying  amounts.  Further,  the  effect  of  variations  in  the  tem- 
perature, cathode  surface,  current  density,  dilution,  and  the  style 
of  the  electrodes  received  careful  consideration.  The  quantity  of 
nitric  add  was  also  varied  and  its  effect  noted. 

After  making  quite  a  number  of  experiments  in  the  variation  of 
the  quantity  of  sulphuric  acid,  2  cc.  of  acid  of  spedfic  gravity  1.84 
were  found  to  give  the  best  results.  When  more  acid  than  that  is 
used  it  has  a  solvent  influence  on  the  deposited  bismuth  and  makes 
it  almost  impossible  to  predpitate  the  last  traces  of  the  metal. 

The  presence  of  an  alkali  sulphate  in  solution  was  found  to  be 
essential  for  obtaining  good  metallic  deposits.  In  the  presence  of 
sulphuric  acid  alone  the  metal  does  not  deposit  in  good  form  nor 
completdy.  Soditun,  potassium  and  ammonitun  sulphates  were 
experimented  with ;  of  the  three,  potassium  sulphate  yielded  the 
best  results,  i  gram  being  the  most  favorable  quantity.  Sodium 
sulphate,  however,  can  be  used  and  good  results  be  obtained.  In 
the  presence  of  ammonium  sulphate  bismuth  is  deposited  in 
beautiful  form,  but  there  is  a  tendency  to  superoxide  deposition 
on  the  anode.  Very  little  of  the  latter  indeed  separates,  but  the 
slightest  quantity  is  enough  to  be  considered  objectionable.  The 
use  of  ammonium  sulphate  is  therefore  not  to  be  recommended. 

Larger  quantities  of  nitric  acid  than  that .  introduced  with  the 
standard  bismuth  solution  were  found  to  be  objectionable,  causing 
the  bismuth  to  come  down  loose  and  black. 

It  was  found  that  the  temperature  has  considerable  influence  on 
the  character  of  the  deposit.  In  the  cold  it  is  impossible  to  pre- 
cipitate the  bismuth  in  a  compact  metallic  form.  On  the  other 
hand,  when  heated  to  a  temperature  as  high  as  70"*  the  electrolyte 
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exerts  a  solvent  action  on  the  bismuth  deposited,  making  it  diffi- 
cult to  completely  precipitate  the  metal.  Another  objection  to 
high  temperatures  is  the  formation  of  gas  bubbles  on  the  bottom 
of  the  dish.  The  bismuth  deposits  about  these  in  loose,  black, 
spongy  masses,  which  readily  become  detached  and  are  lost  in 
washing  the  deposits.  If  bubbles  are  noticed,  it  is  advisable  to 
gently  tap  the  dish  with  the  finger,  causing  them  to  rise  to  the 
surface. 

A  temperature  of  from  45^  to  50^  C.  was  found  to  be  the  most 
favorable.  Roughened  cathode  surfaces  are  not  advantageous, 
the  bismuth  depositing  better  on  polished  surfaces. 

In  all  the  depositions  it  was  found  absolutely  necessary  to  em- 
ploy a  low  current  strength,  especially  during  tfie  first  part  of  the 
deposition  until  most  of  the  metal  was  precipitated.  If  a  current, 
much  exceeding  0.03  ampere  was  used  as  the  initial  current,  the 
bismuth  invariably  came  down  dark  and  loose.  Experiment 
showed  a  current  strength  of  0.02  to  0.05  ampere,  depending  on 
the  style  of  electrodes,  to  be  the  proper  one,  the  voltage  ranging 
from  1.8  to  2.0  volts.  Toward  the  end  of  the  deposition,  when 
most  of  the  metal  has  been  deposited,  the  current  can  be  increased 
to  o.io  to  0.15  ampere  to  bring  down  the  last  traces  of  bismuth. 

The  following  tables  contain  the  results  of  determinations  made 
from  the  different  electroI)rtes  after  the  most  favorable  conditions 
for  each  had  been  worked  out  by  previous  experiments. 

Most  of  the  deposits  obtained  in  these  determinations  were 
very  metallic  in  appearance,  steel-g^ay  in  color,  usually  having  the 
pinkish  tinge  or  caste  so  characteristic  of  metallic  bismuth.  Often 
the  deposited  metal  was  quite  crystalline. 

The  following  is  a  brief  statement  of  the  most  favorable  con- 
ditions : 

0.10  to  0.15  gram  ofjmetal  dissolved  in  i  cc.  of  nitric  add  (sp.  gr.  1.42.) 

2  cc.  of  sulphuric  acid  (sp.  gr.  1.84.) 

I  gram  of  potassium  sulphate. 

150  cc.  total  dilution. 

Time,  8  to  9  hours. 

Temperature,  45**  to  50®  C. 

N.D.iM = 0.02  ampere. 

Volte  1.8. 

During  the  last  hour  the  current  strength  should  be  increased 
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to  0.15  ampere  to  bring  down  the  last  traces  of  bismuth.  When 
gauze  electrodes  are  used,  such  as  were  described  in  an  earlier 
part  of  this  paper,  a  current  strength  of  0.04  ampere  should  be 
used. 

Heat  is  absolutely  essential  in  order  to  obtain  light,  metallic 
deposits.  If,  ho>vever,  the  electrolysis  be  conducted  two  and  a 
half  to  three  hours  at  45*  C,  during  which  time  most  of  the  metal 
will  have  been  deposited,  it  may  safely  be  run  over  night  in  the 
cold.  This  procedure  may,  in  some  cases,  be  more  convenient 
than  conducting  the  electrolysis  eight  hours  during  the  day  at 
45' C. 

The  end  of  the  electrolysis  is  ascertained  by  raising  the  level  of 
the  liquid  in  the  dish,  or  by  testing  a  few  drops  of  the  solution  for 
bismuth  with  ammonium  sulphide. 

When  the  metal  has  all  been  precipitated,  the  deposit  is  washed 
without  interrupting  the  current.  This  is  done  by  siphoning  off 
the  acid  liquid,  at  the  same  time  replacing  it  with  hot  distilled 
water.  When  the  liquid  in  the  dish  is  free  from  acid,  the  current 
is  interrupted  and  the  liquid  poured  from  the  dish.  The  deposit 
is  washed  with  a  little  hot  water  and  drained.  It  is  then  rinsed 
with  a  little  absolute  alcohol  to  remove  the  remaining  water,  this 
treatment  being  followed  by  a  little  ether.  Finally  the  dish  is 
gently  warmed  over  a  very  small  flame  until  complete  evaporation 
of  the  ether,  when  it  is  desiccated,  cooled  and  weighed. 

With  a  good  many  deposits  it  was  noticed  that  the  alcohol 
•tended  to  lift  some  of  the  deposited  metal  and  float  it  away,  thus 
involving  loss.  This  was  remedied  by  substituting  for  the  alcohol 
a  mixture  of  ether  (2  parts)  and  alcohol  (i  part).  Treatment 
with  this  mixture  is  followed  by  anhydrous  ether  as  usual. 

When  no  dehydrating  agents  are  used  and  the  deposit  is  simply 
dried  in  the  air  by  gently  warming,  an  oxidation  of  the  bismuth 
always  takes  place,  giving  high  results. 

The  liquid  should  be  maintained  at  a  constant  level  during  the 
electrolysis.  If  the  level  is  raised,  a  dark  border  of  loosely  de- 
posited bismuth  forms  around  the  dish,  the  depth  of  the  liquid 
added.  If  the  cover-glasses  are  close-fitting,  scarcely  any  evapo- 
ration can  take  place,  so  that  it  is  necessary  to  add  but  very  little 
water  during  the  electrolysis. 
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If  the  conditions  as  above  stated  be  carefully  followed,  a  good 
determination  can  always  be  obtained. 

The  problem  of  the  electrolytic  estimation  of  bismuth  having 
been  satisfactorily  solved,  attention  was  next  given  to  its  separa- 
tion frcHn  other  metals  by  the  same  means.  The  results  of  the 
experimentation  in  this  direction  are  embodied  in  what  follows. 

SEP>^RATI0NS. 

(i)  Bismuth  from  Zinc. — ^These  metals  can  be  separated  with 
ease  and  precision  electrolytically,  from  sulphuric  acid  solution. 
The  bismuth  comes  down  in  a  beautiful  compact  metallic  form  in 
every  case  free  from  zinc. 

To  10  cc.  of  a  nitric  acid  solution  of  bismuth  containing  0.15 
gram  of  bismuth  and  i  cc.  of  nitric  acid  (sp.  gr.  1.42)  were  added 
2  cc.  of  sulphuric  acid  (sp.  gr.  1.84),  0.6  gram  of  potassium  sul- 
phate and  a  quantity  of  zinc  sulphate  equivalent  to  0.15  gram  of 
zinc.  The  solution  was  then  diluted  with  water  to  150  cc.  and 
electrolyzed  with  a  current  strength  of  0.02  ampere  and  a  voltage 
of  2.0.  The  solution  was  heated  to  50**  C.  The  deposition  was 
complete  in  about  eight  hours.  The  same  precautions  previously 
observed  as  to  the  treatment  of  the  deposited  bismuth  were  of 
course  followed  here. 

In  the  following  table  the  results  of  four  determinations  are 
recorded. 
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{2)  Bismuth  from  Cadmium. — The  separation  of  bismuth  from 
cadimum  can  also  be  accomplished  with  ease  and  accuracy.  The 
conditions  of  the  separaticm  are  very  similar  to  those  of  bismuth 
from  zinc.  A  quantity  of  cadmium  oxide  equivalent  to  0.1500 
gram  of  cadmium  was  dissolved  in  2  cc.  of  concentrated  sulphuric 
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very  small  flame  of  a  Bunsen  burner.  A  sheet  of  asbestos  placed 
a  quarter  of  an  inch  below  the  dish  shielded  it  from  the  direct 
flame  of  the  burner. 

During  the  electrolysis  the  dishes  were  kept  covered  with  cover- 
glasses  having  two  perforations  ground  into  them.  Through  one 
passed  the  connecting  wire  of  the  anode  and  through  the  other 
hung  a  thermometer  which  dipped  into  the  electrolyte  during  the 
whole  deposition  so  that  the  temperature  could  be  closely  watched. 

SOLUTION. 

Sulphuric  add,  of  all  the  available  solutions  from  which  to  de- 
posit the  metal,  seemed  to  offer  the  greatest  advantages  and  was 
therefore  selected.  As  early  as  1883  Thcnnas  and  Smith^  and  in 
1886  Smith  and  Knerr*  worked  with  this  electrolyte  and  with 
considerable  success,  but  as  this  was  before  the  introduction  of 
precise  measurement  of  current  strength  and  voltage  into  electro- 
lytic work,  their  conditions  as  to  these  points  are  not  very  definitely 
stated.  In  these  experiments  they  limited  themselves  to  the  em- 
ployment of  small  quantities  of  metal,  which  is  objectionable  as  it 
increases  the  percentage  error. 

Having  selected  sulphuric  acid,  attention  was  first  directed 
toward  obtaining  a  solution  of  bismuth  sulphate.  The  great 
insolubility  of  the  sulphate  and  the  strong  tendency  of  the  dis- 
solved sulphate  to  form  insoluble  basic  sulphates  were  difiiculties 
not  easily  overcome,  and  the  simple  sulphate  solution  was  soon 
abandoned  as  impracticable.  Two  determinations,  however,  were 
made  from  simple  sulphuric  acid  solutions  obtained  as  follows: 
a  weighed  quantity  of  bismuth  oxide  was  dissolved  in  a  few  cubic 
centimeter^  of  nitric  acid  and  then  evaporated  down  with  concen- 
trated sulphuric  acid  until  fumes  appeared,  when  it  was  diluted 
with  water  and  electrolyzed. 

In  all  the  subsequent  determinations  definite  volumes  of  a 
standardized  nitric  acid  solution  of  bismuth  were  employed.  The 
solution  was  made  up  as  follows :  20  grams  (approximately)  of 
bismuth  subnitrate  were  dissolved  in  100  cc.  of  nitric  acid  (sp.  gr. 
1.42)  and  this  solution  diluted  to  i  liter  with  water.  The  bismuth 
content  of  the  solution  was  then  ascertained  by  cautiously  evapo- 

1  Am.  Chem.J.^  5,  114. 
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rating^  20  cc.  to  dryness  in  a  porcdain  crucible  and  igniting  to 
bismuth  oxide  (Bi^O,)  and  weighing  as  such.  lo  cc.  of  such  a 
solution  will  contain  from  o.io  to  0.15  gram  of  bismuth  and  i  cc 
of  nitric  add. 

eXPERIMSNTAL  PART. 

Definite  volumes  of  the  standardized  bismuth  solution  were 
dectrolyzed  in  the  presence  of  free  sulphuric  add  and  an  alkali 
sulphate,  the  dilution  being  usually  150  cc. 

The  effect  of  the  quantity  of  sulphuric  add  on  the  deposition 
was  studied,  also  the  influence  of  different  alkali  sulphates  in 
varying  amounts.  Further,  the  effect  of  variations  in  the  tem- 
perature, cathode  surface,  current  density,  dilution,  and  the  style 
of  the  dectrodes  recdved  careful  consideration.  The  quantity  of 
nitric  add  was  also  varied  and  its  effect  noted. 

After  making  quite  a  number  of  experiments  in  the  variation  of 
the  quantity  of  sulphuric  acid,  2  cc.  of  acid  of  specific  gravity  1.84 
were  found  to  give  the  best  results.  When  more  acid  than  that  is 
used  it  has  a  solvent  influence  on  the  deposited  bismuth  and  makes 
it  almost  impossible  to  predpitate  the  last  traces  of  the  metal. 

The  presence  of  an  alkali  sulphate  in  solution  was  found  to  be 
essential  for  obtaining  good  metallic  deposits.  In  the  presence  of 
sulphuric  acid  alone  the  metal  does  not  deposit  in  good  form  nor 
completely.  Sodium,  potassium  and  ammonium  sulphates  were 
experimented  with ;  of  the  three,  potassium  sulphate  yielded  the 
best  results,  i  gram  being  the  most  favorable  quantity.  Sodium 
sulphate,  however,  can  be  used  and  good  results  be  obtained.  In 
the  presence  of  ammonium  sulphate  bismuth  is  deposited  in 
beautiful  form,  but  there  is  a  tendency  to  superoxide  deposition 
on  the  anode.  Very  little  of  the  latter  indeed  separates,  but  the 
slightest  quantity  is  enough  to  be  considered  objectionable.  The 
use  of  ammonium  sulphate  is  therefore  not  to  be  recommended. 

Larger  quantities  of  nitric  acid  than  that. introduced  with  the 
standard  bismuth  solution  were  found  to  be  objectionable,  causing 
the  bismuth  to  come  down  loose  and  black. 

It  was  found  that  the  temperature  has  considerable  influence  on 
the  character  of  the  deposit.  In  the  cold  it  is  impossible  to  pre- 
cipitate the  bismuth  in  a  compact  metallic  form.  On  the  other 
hand,  when  heated  to  a  temperature  as  high  as  70**  the  electrolyte 
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Results. 
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(d)  Bismuth  from  Manganese. — Experiment  showed  that  by 
this  method  the  separation  of  bismuth  from  manganese  could  be 
effected  without  difficulty.  The  salt  of  manganese  used  in  this 
case  was  manganous  sulphate.  The  following  mode  of  procedure 
was  found  to  be  the  best :  To  a  bismuth  solution  containing  0.1500 
gram  of  metal  and  i  cc.  of  nitric  acid  (sp.  gr.  1.42)  add  3  cc.  of 
sulphuric  acid  (sp.  gr.  1.84),  0.5  gram  of  potassium  sulphate 
and  a  quantity  of  manganous  sulphate  equivalent  to  0.1500  gram 
of  manganese.  Dilute  this  solution  to  150  cc.  with  water  and 
electrolyze  with  a  current  of  0.025  ampere  and  2  volts,  keeping 
the  temperature  at  45^  C.  The  bismuth  will  be  deposited  in  nine 
hours  in  beautiful  form  free  from  manganese. 

At  first  the  solution  assumes  a  dark  red  color  due  to  the  oxida- 
tion of  some  of  the  manganese  to  permanganate.  After  an  hour 
or  two  the  color  begins  gradually  to  fade  away  and  the  solution 
again  becomes  colorless.  A  considerable  quantity  of  hydrated 
oxide  of  manganese  deposits  on  the  anode  during  the  electrolysis. 
This  deposit  was  always  examined  for  bismuth  but  in  no  case  was 
it  found  to  contain  any  of  this  metal. 
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(7)  Bismuth  from  Uranium. — Bismuth  may  be  separated  from 
this  metal  as  follows:  To  a  bismuth  solution  containing  0.1500 
gram  of  bismuth  and  i  cc.  of  nitric  acid  (sp.  gr.  142)  add  i 
gram  of  potassium  sulphate,  2  cc.  of  sulphuric  acid  (sp.  gr.  1.84) 
and  uranium  sulphate  equivalent  to  o.io  gram  of  uranium. 
Dilute  this  solution  to  150  cc.  with  water  and  electrolyze  with  a 
current  strength  of  0.025  ampere  and  a  voltage  of  2,  maintaining 
the  temperature  at  45^  C.  The  deposition  is  complete  in  eight 
hours  and  the  deposited  bismuth  free  from  uranium. 

Results. 
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(8)  Bismuth  from  Iron, — ^The  deposition  of  bismuth  from  solu- 
tions containing  iron  is  attended  with  considerable  difficulty.  Both 
ferrous  and  ferric  salts  were  experimented  with.  The  iron 
present  in  the  solution  seems  to  exert  an  influence  on  the  bismuth, 
tending  to  hold  it  tn  solution  and  prevent  its  deposition.  Espe- 
cially is  this  true  when  the  salt  used  is  a  ferric  salt.  This  tend- 
ency of  bismuth  to  be  held  in  solution  is  shown  even  in  a  more 
marked  degree  when  the  solution  contains  besides  ferric  alum  an 
equal  quantity  of  chrome  alum.  When  this  is  the  case,  a  current 
of  o.io  ampere  will  often  not  cause  the  slightest  precipitation  of 
bismuth.  It  was  thought  that  this  behavior  of  bismuth  could  be 
taken  advantage  of  to  separate  other  metals  from  it.  It  was 
hoped  that  the  bismuth  would  be  held  back  by  the  iron  and  chrome 
alums  and  such  metals  as  mercury,  copper  and  silver  be  deposited 
from  the  solution.  These  hopes  were  not  realized.  As  soon  as 
another  metal  is  introduced,  the  condition  of  affairs  is  changed, 
and  both  the  metal  and  the  bismuth  are  precipitated..  Deposits  of 
silver,  however,  were  obtained  containing  but  very  little  co- 
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deposited  bismuth.  Further  investigation  in  this  direction  might 
lead  to  some  very  interesting  and  valuable  results. 

The  best  conditions  for  the  separation  of  bismuth  from  iron 
were  found  to  be  as  follows :  To  the  bismuth  solution  containing 
0.15  gram  of  bismuth  and  i  cc.  of  concentrated  nitric  acid,  add  2 
cc.  of  sulphuric  acid  (sp.  gr.  1.84),  0.5  gram  of  potassium  sul- 
phate and  a  quantity  of  ferrous  sulphate  or  ammonitun  ferric  alum 
equivalent  to  0.15  gram  of  iron.  Dilute  this  solution  to  150  cc. 
and  electrolyi:e  at  a  temperature  of  45^  C.  If  a  ferrous  salt  is 
used,  the  current  strength  should  be  0.03  ampere,  but  if  a  ferric 
salt  is  in  solution  a  higher  current  strength  should  be  employed, 
0.05  ampere,  the  voltage  in  both  cases  being  2.0.  In  eight  hours 
the  deposition  will  be  complete.  The  precipitated  bismuth  will 
contain  no  iron. 

In  several  cases  the  separation  was  made  in  the  presence  of 
urea  nitrate,  but  its  addition  was  of  no  advantage.  The  same  can 
be  said  for  manganese  sulphate,  which  was  also  added. 

Results. 
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THE  ALKALOIDS  OP  ISOPYRUH  AND  ISOPYROINE.' 

Bt  Gborob  Bxll  Frankportbk. 

Received  October  id.  ipoe. 

The  i30pynim,  so  far  as  can  be  ascertained,  has  only  once  been 
studied  chemically.  Hartsen,*  in  a  brief  examination  of  isopyrum 
tkalictraides,  reported  the  isolation  of  two  new  alkaloids.  The 
one  he  named  isopyrine  and  the  other  he  called  pseudoisopyrine. 
Tiie  following  is  a  statement  of  the  method  which  he  used  in 
obtaining  these  two  substances :  The  root  of  the  thalictroides  was 
extracted  with  water  and  filtered.  The  filtrate  was  evaporated 
almost  to  dryness  and  treated  With  ammonia.  The  precipitate 
thus  formed,  consisted  of  aluminum  hydroxide,  tannic  acid  and 
the  new  base,  isopyrine.  To  remove  the  latter,  the  precipitate 
was  dried  and  extracted  with  ether.  By  filtering  off  and  evapo- 
rating the  ethereal  solution,  the  alkaloid  was  obtained  as  an 
amorphous  powder.  Nothing  further  was  done  with  the  sub- 
stance. No  attempts  were  made  to  purify  it  or  to  study  its 
properties  and  no  salts  of  any  kind  were  made. 

Pseudoisopyrine,  the  other  alkaloid,  was  obtained  by  treating 
the  roots  with  alcohol,  after  they  had  been  extracted  with  water. 
The  alcdiolic  extract  was  condensed  by  evaporation  and  treated 
with  ammonia  as  in  the  case  of  the  aqueous  extract.  The  pre- 
cipitate formed  by  the  ammonia,  was  filtered  off,  dried  and  ex- 
tracted with  ether.  On  removing  the  excess  of  ether,  the  alkaloid 
crystallized  out  in  star-shaped  crystals.  As  in  the  first  case,  no 
attempt  was  made  to  purify  the  substance  and  no  salts  were  made. 
The  author  of  the  above  paper,  while  applying  the  above  names, 
suggested  that,  quite  likely,  these  two  substances  were  known 
substances,  f)OSsibly  mixtures  of  the  aconite  group. 

The  above  paper  was  published  twenty-eight  years  ago  and 
nothing  has  been  done  since  that  time  although  the  plant  is  quite 
abundant  in  certain  localities.  According  to  Gray,  isopyrum  is 
abundant  throughout  the  central,  northwestern  and  southwestern 
states.  According  to  MacMillan,*  it  is  widely  distributed 
throughout  Minnesota  and  Iowa. 

*  Read  before  the  American  Aiaociation  for  the  Advancement  of  Sdenoe,  at  Denver, 
1901. 

•  Cktm.  Cemirbl.  (i»7a),  p.  5^3. 

'  **l(etaapermae  of  Minnesota,**  p.  331. 
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My  attention  was  first  called  to  the  American  species,  isopyrum 
bitematum,  by  Professor  MacDougal,  of  Bronx  Park,  New  York, 
who,  in  studying  the  tubers  botanically,  observed  certain  reactions 
which  gave  evidence  of  the  presence  of  a  substance  of  unusual 
interest.  A  year  later,  with  the  assistance  of  students,  enough 
material  was  obtained  to  make  a  preliminary  examination  and  to 
prove  beyond  a  doubt,  the  presence  of  an  alkaloid.  The  work  has 
been  renewed  recently,  and  enough  material  obtained  to  make  a 
careful  examination.  Samples  were  collected  at  different  times 
during  the  summer  and  examined.  That  gathered  in  the  early 
spring  contained  only  a  small  quantity  of  the  alkaloid,  while  that 
gathered  later  in  the  summer  contained  a  maximum  amount  of  the 
alkaloid.  In  the  early  spring,  the  roots  a^^ear  as  fine  fibers  with 
only  here  and  there  a  very  small  tuber ;  in  midsummer,  the  tubers 
were  very  much  larger  and  more  abundant. 

The  first  work  done  on  the  American  species  was  to  repeat  the 
method  given  by  Harsten  on  the  thalictroides.  The  results,  how- 
ever, were  unsatisfactory  and  other  methods  were  tried  and 
enough  of  the  material  was  obtained  for  analysis. 

METHOD  OF  EXTRACTION. 

Many  methods,  including  that  of  Harsten,  were  tried  but  with 
unsatisfactory  results.  The  method  which  gave  best  results  was 
as  follows :  The  roots  were  cleaned,  dried,  and  pulverized  and  the 
powder  thu«  obtained,  extracted  with  hydrochloric  acid  (i  1250). 
The  extraction  was  made  first  by  heating  on  a  water-bath  for  an 
hour  and  then  allowing  to  stand  for  twelve  hours.  The  acid  solu- 
tion was  then  filtered  off  and  evaporated  to  about  one-fifth  of  the 
original  volume  and  refiltered.  The  almost  clear  filtrate  was  then 
treated  with  ammonia.  The  precipitate  formed,  which,  according 
to  Harsten  should  contain  the  alkaloid  isopyrine,  was  saved,  dried 
and  ex^tracted  with  ether.  It  proved  to  be  only  inorganic  matter. 
The  filtrate  was  then  evaporated  to  dryness  and  extracted  with 
alcohol.  The  alcoholic  solution  gave  distinct  alkaloidal  reactions 
but  all  attempts  to  isolate  the  free  base  failed. 

The  roots  were  now  extracted  with  alcohol  in  the  presence  of 
hydrochloric  acid  for  several  hours  and  filtered.  The  filtrate  was 
then   condensed   by   evaporation,   treated   with   ammonia,   and 
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filtered.  The  precipitate  thus  obtained,  was  redissolved  in  hy- 
drochloric acid,  reprecipitated  with  ammonia,  and  filtered.  This 
filtrate  was  added  to  the  original  filtrate,  evaporated  to  dryness, 
and  extracted  with  chloroform.  The  chloroform  solution  was 
treated  with  hydrochloric  acid  and  allowed  to  stand  for  several 
days.  At  the  end  of  that  time,  crystals  had  formed  which  proved 
to  be  the  hydrochloride  of  the  alkaloid. 

These  crystals  were  removed,  purified  by  filtering  through 
animal  charcoal  and  again  crystallized  out  of  water.  Thus  ob- 
tained, the  substance  was  a  beautiful  white  felt-like  mass  of  fipe 
crystals.  It  is  soluble  in  water  and  alcohol  but  almost  insoluble 
in  ether. 

Under  the  microscope  the  crystals  appear  as  long,  fine,  pris- 
matic needles.  The  melting-point  of  the  pure  substance  was 
found  to  be  255 **  to  257**  C.  The  hydrochloride  formed  a  well- 
crystallized  platinum  double  salt.  It  is  a  bright  yellow,  granular 
substance,  insoluble  in  water  but  slightly  soluble  in  alcohol.  It 
melts  at  238**  C. 

THE  FREE  BASE^  ISOPYROINE. 

The  hydrochloride  was  dissolved  in  a  very  small  quantity  of 
dilute  alcohol,  and  sodium  hydroxide  cautiously  added.  The  white 
flocculent  precipitate  formed  was  filtered  off  and  dissolved  in  an 
excess  of  alcohol.  On  slowly  evaporating  the  alcohol,  the  base  was 
repretipitated  as  a  white,  crystalline  substance.  These  crystals 
had  a  sharp  melting-point  of  160**  C.  On  drying  at  100**  C,  the 
substance  lost  its  crystalline  nature  and  became  a  light  gray 
powder.  Analyses  of  the  dried  substance  gave  the  following 
results : 

I.  0.1230  gram  of  the  dried  substance  gave  0.2814  gram  CO, ; 
0.0964  gram  H,0. 

II.  0.2042  gram  of  the  dried  substance  gave  0.4628  gram  COj ; 
0.1599  gram  H,0. 

Calculated  for  the  Pound, 

formula,  CnH^eNOt.  I.  II. 

Carbon  62.22  62.22  61.81 

Hydrpgen.... 8.51  8.70  8.69 

Nitrogen 2.54  ••••  •••• 

In  view  of  the  fact  that  the  alkaloid  in  hand  differs  widelv  from 
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the  isopyrine  and  pseudoisopyrine  of  Hartsen,  the  base  has  beeit 
called  isopyroine. 

ISOPYROINE  METHYL  IODIDE,  C28H4e(CH3)N09l. 

The  powder  was  treated  with  methyl  iodide  for  two  hours  on  a 
water-bath  with  reflux  condenser  and  at  the  end  of  that  time,  the 
substance,  which  at  first  dissolved,  formed  a  yellow  residue  in  the 
bottom  of  the  flask.  The  iodide  was  removed  and  reprecipitated 
from  an  alcoholic  solution  with  water.  The  substance  thus 
formed  was  of  a  yellow  color  and  almost  insoluble  in  water,  ether 
and  chloroform.    An  iodine  analysis  gave  the  following  numbers: 

I.  0.2204  gram  of  the  substance  gave  0.0758  gram  of  silver 
iodide. 

Calculated  for  the 
formuU,  CMHM(CHt)NOtI.  PMind. 

Iodine 18.62  18.8 

In  addition  to  the  iodide,  the  chloride  and  the  platinum  double 
salt  have  been  made  and  are  in  process  of  analysis. 
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The  Electro-Plating  and  Electro-Repining  of  Metals.  By  Watt 
AND  Philip.  New  York  :  D.  Van  Nostrand  Company.  680  pp.  Price, 
$4.50  net. 

This  new  and  revised  edition  of  Watt's  "Electro-deposition'* 
will  be  most  heartily  welcomed  by  all  persons  interested  in  the  art 
of  electro-plating  and  electro-refining.  The  editor  has  carefully 
revised  the  original  work,  incorporating  in  it  the  most  modem 
advancements  in  the  art,  and  by  the  addition  of  entirely  new 
material  has  expanded  the  volume  by  more  than  200  pages. 

Two  chapters  are  devoted  to  preliminary  considerations: 
primary  and  secondary  batteries,  and  thermopiles,  dynamos,  the 
cost  of  electrical  installations  of  small  output  for  electroplating, 
etc.,  etc.  A  most  interesting  historical  review  of  electrodeposi- 
tion  constitutes  the  third  chapter,  which  is  followed  by  50  pages 
upon  the  electro-deposition  of  copper.  Most  minute  and  ex- 
haustive instructions  are  given.  These  show  everywhere  the 
touch  of  a  master-workman.  Gilding  also  receives  ample  con- 
sideration.   Then  follow  directions  for  the  electro-deposition  of 
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silver,  nickel,  iron,  tin,  zinc,  platinum,  brass,  bronze,  etc.  The 
chapter  on  the  cost  of  electrolytic  copper  refining  will  appeal  to 
many  who  are  now  conducting  experiments  on  this  and  other 
metals  for  commercial  purposes. 

Thoroughness  in  detail  and  exactness  in  statement  of  procedure 
characterize  the  book.  It  will  prove  most  helpful  to  all  who  use 
the  current  for  the  purposes  it  so  exhaustively  treats. 

Edgar  P.  Smith. 

Higher  Mathematics  for  Students  op  Chemistry  and  Physics,  with 
•pedal  reference  to  practical  work.  By  J.  W.  MELI.OR,  D.Sc.,  of  Owens 
CoU^ge,  Manchester,  England.  Longmans,  Green  &  Co.  1902. 
»d-h543pp.    Price.  I4.00. 

To  any  one  who  has  followed  the  latest  development  of  theo- 
retical chemistry,  it  is  clear  that  the  chemist  of  the  future  must  be 
also  a  practical  mathematician.  The  recent  successive  appear- 
ance of  several  volumes  having  as  one  object  the  application  of 
mathematics  to  the  scientific  development  of  chemistry  shows  the 
general  recognition  of  this  condition. 

Among  all  these  books,  none  seems  to  the  reviewer  more  com- 
plete or  adequate  than  that  at  present  under  discussion.  The 
importance  of  a  concrete  conception  of  mathematical  expression 
is  fully  realized  and  continually  exemplified,  and  the  arrange- 
ment is  progressive  and  logical.  "The  student  of  this  work  is 
supposed  to  possess  a  working  knowledge  of  elementary  algebra 
so  far  as  to  be  able  to  solve  a  set  of  simple  simultaneous  equa- 
tions, and  to  know  the  meaning  of  a  few  trigonometrical  for- 
mulas."* This  scanty  foundation  is  gradually  amplified  and 
built  upon  until  the  student  should  find  himself  a  master  of  prac- 
tical calculus,  and  capable  of  integrating  differential  equations 
derived  from  his  own  experimentation.  Analytical  Geometry, 
Functions  with  Singular  Properties,  Hyperbolic  Functions, 
Fourier's  Theorem,  Determinants,  and  the  Theory  of  Errors  all 
receive  extended  discussion.  The  last-mentioned  subject  is  treated 
m  a  particularly  lucid  and  just  manner,  with  especial  emphasis 
upon  its  limitations,  which  are  too  often  ignored.  At  the  end  of 
the  book  are  given-  a  collection  of  useful  formulas  and  tables  of 
reference,  including  a  table  of  natural  logarithms.  No  space  is 
given  to  vector  analysis,  but  most  chemists  will  not  be  troubled 

*  Prolociie,  p.  XX. 
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by  this  omission.  The  emphasis  throughout  is  laid  upon  that 
which  is  practically  useful,  and  the  usefulness  is  illustrated  by 
actual  problems  taken  chiefly  from  the  modem  literature  of 
physical  chemistry.  In  general,  the  book  leaves  little  to  be  de- 
sired, and  can  be  warmly  recommended  to  the  many  who  are  in 
search  of  a  guide  more  practical  than  the  usual  formal  treatise 
upon  pure  advanced  mathematics.       Theodore  W.  Richards. 


Tbxt-Book  op  Blbctrochbmistry.    By  Svantb  Arrhbnids,  Profe 
at  the  University  of  Stockholm.    Translated  by  John  McCrab,  Pe.D. 
New  York  :  Longmans,  Green  &  Co.     1902.     zi  +  344  pp. 

The  first  chapter  deals  very  briefly  with  the  many  fundamental 
conceptions,  definitions,  etc.,  necessary  to  a  study  of  the  subject; 
but  the  arrangement  of  this  matter  could  be  improved.  Polariza- 
tion is  here  the  first  topic  touched,  and  it  would  seem  more  logical 
to  let  this  follow  the  definitions  of  atomic  weight,  of  temperature, 
electrolysis,  and  other  such  matters,  some  of  which  in  fact  need 
not  be  defined  in  a  book  on  electrochemistry. 

The  second  chapter  is  a  brief  one  on  the  early  history  of  the 
subject,  in  which  much  more  space  is  devoted  to  the  Grotthus 
theory  than  to  Faraday's  facts. 

The  third  chapter  covers  in  a  concise  and  clear  manner  the  laws 
of  gases  and  of  their  application  in  the  case  of  solutions.  It  has, 
however,  not  been  shown  that  van't  Hoff's  generalization  of  the 
gas  laws  to  solutions  applies  to  "all  finely  dispersed  material." 
Suspensions,  at  least,  may  form  an  exception. 

The  subject  of  properties  of  solutions  is  then  fully  treated. 
Two  pages  devoted  entirely  to  valency  and  entitled  "Review  of 
Results  Obtained,"  do  not  seem  of  use. 

The  subject  of  chemical  equilibrium  is  well  treated  in  Chapter 
VI. 

Following  the  unfortunate  lead  of  Ostwald  and  of  Nemst, 
Arrhenius  considers  that  the  identical  light  absorption  of  the 
various  equally  dilute  permanganate  salt  solutions  is  proof  of  the 
dissociation  theory,  and  leaves  the  reader  to  assume  that  the  color 
of  the  ions  is  a  splendid  support  of  the  theory.  Any  one  who  looks 
into  this  point  carefully  will  find  it  very  complicated.  The  depth 
of  color  of  salt  solutions  of  colored  ions  does  not  change,  as  does 
the  electrolytic  dissociation,  with  the  dilution.     In  illustrating  the 
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process  for  determining  the  transport  number,  one  unfortunate 
sentence  may  bother  the  student  a  little.  Potassium  chloride  is 
being  dectrolyzed  and  the  author  states  that  by  analysis  after  the 
electrolysis,  the  increase  of  potassium  about  the  cathode  and  of 
chlorine  about  the  anod^  enable  one  to  make  the  calculation.  The 
disposition  of  the  deposited  chlorine  and  potassium  should  have 
been  discussed  here. 

The  subject  of  electrochemistry  is  treated  in  its  widest  signifi- 
cance so  that  many  of  the  physical  properties  of  solutions  are 
carefully  considered;  therefore,  the  work  practically  covers  a 
course  on  the  physical  chemistry  of  solutions  as  this  is  now  under- 
stood. 

Two-thirds  of  the  book  are  devoted  to  purely  electrochemical 
topics.  The  treatment  of  each  topic  is  concise  and  the  selection 
of  topics  so  complete  that  it  may  safely  be  asserted  that  no  other 
English  work  on  this  subject  contains  so  much  in  so  small  space. 
The  treatment  of  potential  differences,  of  surface  tension,  and 
the  mercury  electrometers,  is  well  connected.  Six  pages  are 
devoted  to  a  very  fair  treatment  of  the  lead  accumulator.  The 
Gretz  aluminum  rectifying  cell  is  also  described.  Several  pages 
are  devoted  to  practical  electrochemical  analysis  and  to  copper 
refining. 

Chapter  XVII  contains  brief  descriptions  of  the  Peltier  and 
the  Thomson  Effects,  and  contains  also  a  couple  of  pages  on  the 
electric  arc.  There  then  follow  a  dozen  pages  dealing  in  a 
practical  way  with  the  various  classes  of  the  electric  furnace  and 
a  final  discussion  of  the  effect  of  silent  electrical  discharges. 

Usually  when  an  important  discovery  is  mentioned  in  the  text, 
an  interpolated  number  refers  the  reader  to  the  original  article. 
In  this  way,  about  300  original  references  are  made  available.  In 
a  book  of  this  kind  such  a  scheme  is  commendable. 

Very  considerable  credit  is  due  to  Dr.  Euler  and  to  Dr.  McCrae 
for  the  improvements  on  the  original  Swedish  work,  which  was 
brought  up  to  date  and  translated  into  German  by  the  former,  and 
well  translated  into  English  and  improved  with  the  literature 
references  by  the  latter. 

The  mathematics  frequently  employed  do  not  extend  beyond 
the  elements  of  the  calculus. 
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Because  of  the  breadth  of  field  treated  and  the  jg^eneral  good 
quality  of  the  treatment,  the  book  is  one  of  the  best  on  the 
subject.  W.  R.  Whitney. 

Physics.  Tbxt-Book  for  Sbcondary  Schools.  By  Frbdbrick  StATB^ 
Professor  of  Physics,  University  of  California.  New  York :  The  Msc- 
millian  Co.     1902.    zxi  +  1414  pp.    Price,  $2.00. 

The  seventeen-page  preface  convinces  the  reader  that  the  author 
is  preparing  a  book  from  a  mind  trained  for  teaching  natural 
science.  He  has  clear  views  as  to  the  pedagogic  functions  of 
such  a  work,  and  is  consistent  even  to  his  unwillingness  to  con- 
fuse the  mind  by  pictures  of  things  which  can  be  actually  seen  in 
the  laboratory.  The  preface  will  be  instructive  to  the  many 
teachers  who  are  to  read  it. 

About  100  pages  are  devoted  to  the  properties  of  matter; 
approximately  an  equal  quantity  to  heat;  and  the  subjects  of 
sound,  light,  and  electricity  are  also  quite  fully  treated.  Besides 
the  index,  there  is  a  list  of  references  for  collateral  reading,  an 
outline  of  180  experiments,  and  a  compilation  of  over  100  inter- 
esting questions.  The  experiments  are  also  especially  carefully 
selected  and  worded, — there  are  no  cook-book  directions.  The 
book  is  a  readable  Physics,  and  is  not  replete  with  definitions  for 
the  anxious  student  to  commit  to  memory.  He  is  forced  by  the 
arrangement  to  think  for  himself.  In  fact,  there  is  hardly  a  direct 
definition  in  the  book.  The  author's  plan  is  to  give  the  necessary 
information  upon  a  subject  through  the  discussion  of  phenomena 
or  of  experimental  facts,  and  he  usually  concludes  with  a  state- 
ment that  "such  a  phenomenon  is  known  as  diffusion,"  for  ex- 
ample, or  "this  is  called  the  latent  heat".  The  matter  chosen  for 
discussion  is  well  fitted  for  use  with  classes  of  students  who  are 
being  encouraged  to  think  independently,  and  is  made  interesting 
by  the  method  of  presentation.  On  the  other  hand,  the  depth  to 
which  each  topic  has  been  sounded  will  prevent  even  the  most 
advanced  of  its  students  from  feeling  superiority  to  the  treatment. 
It  has  evidently  been  prepared  by  one  who  has  given  the  entire 
subject  most  careful  attention  and  it  should  prove  to  be  a  very 
useful  book.  W.  R.  Whitney. 

Essays  in  Historicai,  Chemistry.    By  T.  E.  Thorpe.    The  Macmillan 
Co. :  London  and  New  Yofk.     xii  +  582  pp.    Price,  $4*00. 
In  this  book  are  gathered  sixteen  addresses  which  have  been 
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delivered  by  the  author  at  intervals  during  the  last  twenty-eight 
years.  Five  of  these  have  been  added  in  the  present  edition. 
Hiese  are  upon:  Stanislao  Cannizaro;  James  Watts;  Victor 
"Meyer;  On  the  Progress  of  Chemistry  in  Great  Britain  and  Ire- 
land during  the  Nineteenth  Century ;  and  On  the  Development  of 
Chemical  Arts  during  the  Reign  of  Queen  Victoria.  The  style 
is  very  delightful  and  every  chemist,  and  others  as  well,  will  find 
them  very  interesting  and  profitable  reading.  The  individuals 
selected  for  discussion  have  been  so  well  chosen  that  a  perusal  of 
the  book  will  give  the  reader  a  very  considerable  insight  into  the 
<ievelopment  of  chemistry  during  the  last  three  hundred  years. 

The  last  essay  of  the  list  is,  perhaps,  the  least  satisfactory. 
While  the  work  of  English  chemists  during  Victoria's  reign  was 
far  from  fulfilling  the  brilliant  promise  of  die  first  quarter  of  the 
nineteenth  century,  it  would  certainly  be  possible  to  make  a  better 
showing  for  them  than  the  author  has  here  given.        W.  A.  N. 

-Cbbmischbs  Practicum.  I.  Teil.  Analytische  Ubungen,  mit  25  Pig- 
nrexi  im  Text.  Bv  Dr.  A.  Wolfrum.  Leipsic.  1902.  xvii  +  562  pp. 
Price,  10  marks. 

This  book  may  be  considered  an  attempt  at  a  complete epitomeof 
analytical  chemistry,  prepared  especially  for  students  who  expect 
to  devote  themselves  to  chemical  technology.  It  is  divided  almost 
equally  into  three  parts,  respectively:  Qualitative  Analysis, 
Quantitative  Analysis,  and  Technical  Analysis.  One  half  of  the 
first  part  and  more  than  one  third  of  each  of  the  other  two  parts 
is  given  to  org^ic  analysis.  The  whole  arrangement  is  systematic 
and  in  every  way  excellent.  Most  of  the  reactions  involved,  espe- 
cially in  the  first  part,  are  explained  in  accordance  with  the  Ionic 
Theory. 

Generally  <Mily  one  method  of  analysis  is  given,  but  with  few 
exceptions  the  choice  of  methods  is  to  be  commended.  In  a  few 
cases  the  book  could  have  been  brought  a  little  closer  to  date.  In 
the  part  devoted  to  technical  analysis  a  brief  description  is  g^ven  of 
the  preparation  of  each  metal  and  chemical  product,  so  that  this 
part  of  the  book  is  also  an  epitome  of  chemical  technology. 

The  fulness  cf  the  book  is  remarkable,  for  hardly  an  operation  of 
analytical  chemistry  is  omitted ;  for  example,  there  are  included 
the  analysis  of  monazite  sand,  molecular  weight  determinations 
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by  freezing-  and  boiling-point  methods,  toxicological  analysis,  gas 
analysis,  oil  analysis,  preparation,  analysis  and  testing  of  the  coal- 
tar  dyes. 

When  one  takes  into  account  the  wealth  of  material  compressed 
into  a  little  more  than  500  pages,  it  is  obvious  that  the  treatment 
cannot  be  critical  nor  the  directions  under  each  analysis  sufficiently 
explicit  to  be  of  value  to  the  student.  It  would  be  a  good  book 
from  which  to  cram  for  an  examination,  and  to  the  chemist  it  wiU 
be  a  useful  book  as  an  index,  and  outline  of  the  principal  pro- 
cesses of  analytical  chemistry  and  chemical  technology.  Bt 
praeterea  nihil.  Jas.  Lbwis  Howe. 

First  Book  of  Quautative  Chemistry,  for  Studies  of  Water  Solu- 
tion AND  Mass  Action.  By  Albert  B.  Prescott,  Ph.D.,  Director  of 
the  Chemical  Laboratory,  and  Eugene  C.  Sullivan,  Ph.D.,  Instructor 
in  Analytical  Chemistry,  in  the  University  of  Michigan.  New  York  : 
D.  Van  Nostrand  Company.     1902.     148  pp.    Price,  $1.50. 

The  plan  of  the  authors  of  this,  the  eleventh  edition  of  Professor 
Prescott's  "First  Book  of  Qtialitative  Chemistry,"  is  given  in  the 
preface  as  follows : 

"To  enable  the  beginner  in  the  qualitative  laboratory  to  deal 
with  chemical  change  in  the  light  of  the  present  studies  of  water 
solution  and  of  mass  action  has  been  the  main  purpose  in  pre- 
paring this  edition.  With  this  intent  the  little  book  has  been 
written  anew  throughout.  It  was  first  published  by  one  of  the 
authors  in  1879,  and  designed  then  as  now  for  classes  taking  a 
short  course  in  qualitative  practice." 

The  introduction  gives  12  of  its  24  pages  to  such  topics  as 
electrolytic  dissociation,  chemical  equilibrium  and  hydrolysis.  If 
some  of  these  subjects  could  have  been  presented  as  simply  as  the 
other  topics  in  the  introduction,  the  book  would  have  been  less 
open  to  the  criticism  that  the  study  of  qualitative  analysis  is 
rendered  unnecessarily  difficult  by  presenting  it  from  the  stand- 
point of  the  dissociation  theory.  A  number  of  strong  arguments 
against  this  method  of  presentation  may  be  given,  but  the  ques- 
tion is  not  one  that  can  be  settled  outside  the  laboratory.  The 
burden  of  proof  rests  with  the  innovators  and  the  present  volume 
will  be  welcomed  as  another  contribution  toward  the  solution  of 
the  problem. 
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Aside  from  the  debated  question,  the  book  has  much  to  com- 
mend it.  The  matter  is  well  arranged.  The  directions  for  the 
study  of  each  analytical  group,  given  under  the  heading  "exercises 
with  the  ions/'  are  admirable.  They  include  such  instructive 
escperiments  as  the  determination  of  the  delicacy  of  the  various 
separations  and  tests. 

There  are  very  few  inaccuracies  in  the  book.  On  page  51  in 
discussing  the  reduction  of  compounds  of  arsenic  by  means  of 
potassium  hydroxide  and  aluminum,  it  is  stated  that  phosphoric 
acid  interferes  with  this  test  for  arsenic  through  the  formation  of 
phosphine.  Theodore  Whittelsey. 

LOGARITHMISCHB  RBCHBNTAPBLK  PtlR  ChBMIKBR.  VON  P.  W.  KtJSTBR. 
Dritte  Aaflage.  Leipzig :  Verlag  von  Veit  and  Co.  1902.  Price,  M.  3.00. 
The  success  of  this  little  book,  as  shown  by  the  appearance  of  a 
second  and  third  edition  within  a  few  years,  is  well  deserved.  It 
contains  five-place  logarithms  and  four-place  mantissas ;  tables  of 
atomic  weights  with  multiples  and  logarithms;  tables  for  the 
calculation  of  analyses ;  for  the  calculation  of  nitrogen  and  other 
gases;  constants  for  molecular-weight  determinations;  a  table  for 
the  determination  of  the  volunfie  of  a  flask  from  the  weight  of 
water  or  mercury  which  it  contains  at  i8* ;  electrochemical  con- 
stants; solubility  of  some  substances  at  15^;  and  tables  for  the 
preparation  of  normal  solutions.  The  atomic  weights  used  are 
the  most  recent,  on  the  basis  of  O  =  16.  Unusual  pains  seems  to 
have  been  taken  to  secure  accuracy.  W.  A.  N. 

Tbb  Analysis  op  Stbbl  Works  Matbrial.  By  Harry  Brbarlby  and 
Frbd  Ibbotson.  Longmans,  Green  &  Co.  501  pp.  Price,  14  shill- 
ings. 

This  book  is  divided  into  thirteen  parts' and  an  appendix.  They 
comprise:  I.  The  Analysis  of  Steel;  II.  The  Analysis  of  Pig 
Iron;  III.  The  Analysis  of  Steel-Making  Alloys;  IV.  Rapid 
Analysis  at  the  Furnace ;  V.  The  Analysis  of  Ores ;  VI.  Analysis 
of  Refractory  Materials ;  VII.  Analysis  of  Slags ;  VIII.  Analysis 
of  Fuel ;  IX.  Boiler  Water,  Boiler  Scales,  etc. ;  X.  Analysis  of 
Engineering  Alloys ;  XI.  Micrographic  Analysis  of  Steel ;  XII. 
Pyrometry ;  XIII.  Miscellaneous  Notes ;  Appendix,  Bibliography 
of  Steel  Works  Analysis. 
The  authors  state  in  their  preface  that  they  "have  dealt  with 
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the  analysis  of  steel  works  materials  on  such  lines  as  could 
profitably  be  followed  in  a  busy  works  laboratory/'  and  that -they 
"believe  that  the  special  standpoint  from  which  the  book  has  been 
written  makes  it  no  worse  a  text-book  for  technical  schools  and 
colleges/'  The  processes  given  in  the  books  that  they  have  seen 
either,  "(i)  are  too  long  and  laborious,  (2)  require  too  delicate 
manipulation,  (3)  are  too  scanty  in  their  treatment  of  the  newer 
materials  of  steel-making,  or  (4)  are  not  sufficiently  accurate." 

A  series  of  methods  which  are  not  too  long  and  laborious,  do 
not  require  too  delicate  manipulation  and  yet  are  sufficiently 
accurate,  would  indeed  be  a  boon  to  the  profession, and  would  de- 
serve our  gratitude  and  win  our  admiration.  Careful  study  fails 
to  show  a  single  original  method  which  answers  this  description 
or  one  which  is  in  the  smallest  degree  an  improvement  on  those  in 
use  in  our  American  steel  works. 

The  descriptions  of  the  methods  for  the  analysis  of  steel  are 
generally  extremely  sketchy  and  usually  lack  the  details  which 
would  make  them  useful  to  the  student. 

For  the  determination  of  carbon  the  authors  seem  to  favor 
direct  combustion  of  the  finely  divided  sample  at  a  high  tempera- 
ture in  a  current  of  oxygen.  They  recommend  sieving  the  sample 
to  obtain  the  fine  portion  and  claim  that  the  fine  and  coarse  por- 
tions contain  the  same  percentage  of  carbon.  This  is  contrary  to 
the  experience  of  many  skilled  analysts.  A  volumetric  method 
which  consists  in  oxidizing  the  carbonaceous  residue  with  sul- 
phuric acid  and  a  weighed  amount  of  bichromate,  titrating  the 
excess  of  chromic  acid  and  calculating  the  carbon  is  certainly 
novel.  Red  lead  is  recommended  as  the  best  reagent  for  mixing 
with  refractory  alloys,  such  as  ferrotungsten,  ferrosilicon,  etc., 
although  they  consider  that  bismuth  trioxide  would  be  preferable 
but  for  the  price.  No  description  is  given  of  the  Eggertz  color 
method.  For  manganese  the  bismuthate  process  is  evidently 
favored.     It  is  an  interesting  process  with  points  of  decided  merit. 

Many  methods  are  given  for  the  determination  of  phosphorus 
but  the  one  recommended  by  the  authors  consists  in  separating  the 
phosphorus  as  phosphomolybdate,  filtering,  dissolving  in  am- 
monia, acidifying  with  hydrochloric  acid,  precipitating  with  lead 
acetate,  filtering  and  weighing  the  lead  molybdate,   from  the 
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wdght  of  which  the  phosphorus  is  calctilated.  The  authors  do 
not  refer  to  the  use  of  the  reductor  with  amalgamated  zinc  and 
give  no  details  of  the  titration  with  caustic  soda,  the  two  methods 
most  largely  in  use  in  this  country. 

The  analysis  or  "Sted-making  Alloys"  is  treated  much  more 
satisfactorily,  and  supplies  a  want  which  has  existed  ever  since 
these  alloys  have  come  into  general  use. 

The  portion  of  the  book  treating  of  the  "Micrographic  Analysis 
of  Steel"  is  clear  and  well  written  and  is  illustrated  by  well-chosen 
sections. 

An  appendix  of  145  pages  contains  "A  Bibliography  of  Steel 
Works  Analysis"  by  Harry  Brearley,  which  appeared  in  the 
Chemical  News.  The  references  are  to  English  journals  only. 
The  other  sections  of  the  book  call  for  no  particular  notice. 

The  text  is  occasionally  marred  by  the  use  of  such  expressions 
as  "weigh  into",  and  of  such  words  as  "filtrable"  and  "com- 
busted". 

The  book  is  clearly  printed  on  excellent  paper  and  is,  among 
works  on  diemistry,  the  most  creditable  specimen  of  the  book- 
makers' art  that  has  been  issued  from  the  English  press  for  some 
time. 

It  contains  a  full  table  of  contents  and  an  index. 

A.  A.  Blair. 

Imtbrkational  Catalogub  of  Scibntific  l/iTBRATURB.  First  anniiAl 
issue.  Chemistry.  Part  I.  London  :  Harrison  and  Sons,  45  St. 
Martin's  Lane.    Price,  21  shillings. 

The  Royal  Society  considered,  about  the  year  1893,  the  ad- 
visability of  printing  a  complete  index  of  current  scientific  liter- 
ature. It  was  hoped  to  do  this  by  international  cooperation; 
therefore,  a  large  number  of  representative  bodies  and  individuals 
abroad  were  consulted.  After  several  meetings  of  accredited 
representatives  it  was  concluded  to  proceed  with  the  publication  of 
such  an  index.  Seventeen  branches  of  science  are  included  in  this 
catalogue.  Each  complete  annual  issue  will  thus  consist  of  seven- 
teen volumes.  The  price  of  the  set  will  be  about  $90.  Separate 
volumes  will  be  sold.  The  first  part  of  Volume  D,  devoted  to 
chemistry,  has  just  appeared.  It  will  be  followed  shortly  by  a 
second  part.    This  first  volume  consists  of  three  sections:    (i) 
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Schedules  and  indexes  in  English,  French,  German  and  Italian, 
(2)  an  author's  catalogue,  and  (3)  a  subject  catalc^^e.  It  is 
evident,  from  a  careful  examination  of  the  present  volume,  that 
this  international  undertaking  deserves  the  hearty  support  and 
cooperation  of  all  scientific  investigators,  who  will  be  kept  fully 
and  quickly  informed  of  all  new  discoveries.  The  diemical 
volumes  will  be  of  real  service  to  all  chemists,  and  the  entire 
catalogue  should  find  a  place  in  every  library.  S. 

QUAUTATIVE  ANAI.VSIS,  A  MaNUAI,  FOR  THE  USE  OF  STUDENTS  OF  CHEM- 
ISTRY IN  SCHOOX«S   AND   COLLEGES.      BY   L.    M.    DENNIS,  ProfcsSOr  of 

Analytical  and  Inorganic  Chemistry,  and  Theodore  WhiTTBLSEY,  In- 
structor in  Analytical  Chemistry,  Cornell  University.  Ginn  and  Co. 
1902.  pp.  143. 
The  aim  of  the  authors  is  to  offer  "a  work  in  qualitative  analysis 
that  shall  be  both  exact  and  compendious,  avoiding  on  the  one 
hand  the  diffuseness  of  the  larger  treatises  and  on  the  other  the 
incompleteness  of  the  smaller  manuals."  Their  method  of  in- 
struction is  to  have  the  student  observe  the  bdiavior  of  known 
substances  in  solution  toward  the  following  reagents :  Potassium 
hydroxide,  ammonium  hydroxide,  sodium  carbonate,  hydrogen 
sulphide,  ammonium  sulphide,  hydrochloric  acid,  and  sulphuric 
acid.  This  gives  the  basis  for  grouping,  separation  and  identifi* 
cation.  The  analytical  methods  are  generally  well  chosen  and 
the  directions  clearly  expressed.  Following  the  latter,  under  the 
heading  "Discussion,"  are  given  with  suitable  fulness  the  reasons 
for  the  various  steps  and  also  some  consideration  of  the  special 
difficulties  which  may  be  met  in  practice.  The  authors  have  beea 
successful  in  maintaining  a  wise  balance  in  the  fulness  of  deta'l 
whereby  the  student  receives  sufficient  information  to  work  in- 
telligently but  is  still  called  upon  to  exercise  judgment  and  dis- 
crimination in  the  application  of  facts  to  special  conditions.  One 
might  wish  that  the  preliminary  descriptions  were  made  to  include 
something  more  than  reactions  in  solution.  For  example,  son^c 
statement  concerning  oxides  and  their  relation  to  acids,  bases,  and 
salts  would  seem  desirable  in  order  that  the  phenomena  of  oxida- 
tion and  reduction  might  be  better  understood.  It  may  perhaps 
be  assumed  that  such  information  has  been  secured  in  a  preceding 
course  of  general  chemistry. 

"The  Introduction,"  in  the  words  of  the  preface,  "discusses  in 
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ccmsiderable  detail  the  principles  and  operations  involved  in  quali- 
tative analysis,  but  it  does  not  include  the  consideration  of  the 
dissociation  theory."  For  this,  in  the  opinion  of  the  writer,  the 
authors  are  to  be  distinctly  commended.  Aldiough  the  presenta- 
tion of  the  ionization  theory  may  accompany  not  unsuitably  the 
subject  of  qualitative  analysis,  yet  to  base  instruction  upon  it,  to 
translate  the  statements  of  fact  in  so  eminently  practical  a  subject 
into  the  terms  of  a  theory  so  hypothetical  and  still  so  controverted 
is,  to  say  the  least,  not  in  the  interest  of  sane  teaching.  The  book 
is  commended  as  one  of  the  best  of  its  class.     A.  V.  E.  Young. 

Thb  BirBMBNTs  op  Physics.  By  Edward  L.  Nichoi^s  and  W11.L1AM  S. 
Franklin,  in  three  volames.  New  York :  The  Macmillan  Company, 
xeprinted  1901.  Vol.  I,  Mechanics  and  Hbat,  pp.  220;  price,  |i. 50 
(electxotyped  1898.)  Vol.  II,  Blbctricity  and  Magnbtism,  pp.  272 ; 
pncCf  $1-90  (electrotyped  1S96). 

This  work  is  not  intended  to  include  all  the  aspects  of  physical 
instruction.  It  contains  only,  as  the  preface  indicates,  "concise 
statements  of  physical  laws,  and  a  systematic  development  of 
principles."  Without  demonstrations  of  phenomena  and  an  ad- 
ditional course  of  physical  measurements,  its  excellence  must  be 
largely  lost  upon  the  student  of  physics.  On  the  other  hand  with- 
in the  compass  of  its  contemplated  field,  and  considering  its  real 
date,  the  work  is  unusually  well  balanced  and  adequate. 

The  mathematical  metliod  is  sufficiently  modern,  and  the  lucid 
explanations  of  vector  calculation  and  distributed  quantity  will  be 
helpful  to  those  not  already  familiar  with  these  concepts.  A 
knowledge  of  the  calculus  is  of  course  presupposed.  The  treat- 
ment of  physical  dimension  (in  the  technical  sense)  is  important 
and  not  often  so  adequately  emphasized.  In  view  of  this  fact  it 
is  surprising  to  find  occasionally  such  an  equation  as  the  follow- 
ing, (properly  applied,  of  course,  to  unit  volume)  :  Work  = 
Pressure  (Vol.  I,  p.  117).  This  t3rpe  of  equation,  by  ignoring 
one  dimension,  seems  to  indicate  the  equality  of  two  radically 
different  dimensions.  The  data  are  less  modern  than  the  treat- 
ment. For  example  the  weight  of  a  cubic  centimeter  of  hydrogen 
is  recorded  as  0.00008954  gram  (Vol.  I,  p.  179).  On  page  8  the 
definition  of  mass  does  not  seem  to  be  convincing,  and  the  import- 
ance of  Newton's  and  Bessel's  pendulum  experiments  in  showing 
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the  relation  between  mass  and  weight  seems  to  have  been  over- 
looked. 

The  second  volume  of  the  book  is  merely  a  reprint  of  the 
edition  of  1896;  hence,  it  does  not  contain  descriptions  of  the 
Nemst  lamp,  the  Rowland  system  of  tel^^phy,  or  the  various 
practical  systems  of  wireless  electrical  axnmunication.  It  is 
much  to  be  regretted  that  so  good  a  book  should  not  have  been 
modernized  in  these  respects  in  the  new  edition;  unless  indeed^ 
the  real  date  of  the  work  were  made  obvious  cm  the  title  page. 
Diplex,  duplex  and  quadruplex  telegraphy,  the  telephone,  electric 
furnace,  and  ordinary  electric  lighting,  are  clearly  treated.  The 
modem  electrochemist  will  find  the  treatment  of  the  phenomena 
with  which  he  is  concerned  quite  inadequate,  however. 

In  general,  the  work  may  be  characterized  as  one  very  useful  to 
him  who,  already  possessing  considerable  physical  knowledge, 
wishes  a  more  thorough  mathematical  grasp  of  those  generaliza- 
tions which  have  stood  the  test  of  time. 

Theodore  William  Richabds. 
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This  is  the  season  of  congratulation,  and  even  if  it  were  not,  I 
should  begin  by  congratulating  my  fellow  members  upon  the 
present  condition  of  our  Society.  We  have  every  reason  to  be 
gratified.  Statistics  do  not  always  convey  a  clear  idea  of  the 
actual  state  of  an  organization,  but  they  may  be  suggestive.  The 
last  annual  meeting  of  the  Society  that  was  held  in  Washington 
occurred  in  1897,  just  five  years  ago.  At  that  time  we  had  11 56 
members.  To-day  the  number  has  grown  to  2176.  The  member- 
ship has  nearly  doubled.  In  1897  the  number  of  pages  in  the 
Jonmal  of  the  Society  for  the  first  eleven  months  was  13 15,  while, 
for  the  corresponding  period  of  this  year,  2489  pages  were  pub- 
lished. To  be  sure,  this  included  for  1902  the  general  index  and 
the  twenty-fifth  anniversary  volume.  Omitting  these,  the 
figures  are,  for  1897,  ^^6,  for  1902,  1956— an  increase  of  710 
pages  in  five  years.  Any  more  rapid  increase  would  almost  be 
alaraiing. 

One  point  suggests  itself  in  this  connection.  Some  of  you  may 
ask  whether,  under  existing  circumstances,  it  is  desirable  that 
there  should  be  two  journals  in  this  country  devoted  to  dicmistry. 
Perhaps  I  am  not  the  proper  one  to  discuss  this  subject.    There 

1  PretideiitJal  addreas  delivered  at  the  Waabington  meeting  of  the  American  Chemieal 
Society.  December  $x  1902. 
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seems  to  be  an  increasing  demand  for  the  American  Chemical 
Journal  as  well  as  for  the  Journal  of  the  Society.  Having  been  in 
existence  for  nearly  twenty-five  years  and  being  in  robust  health, 
the  thought  of  giving  up  the  ghost  does  not  appear  attractive  to 
the  former.  It  should,  however,  be  clearly  understood  that  there 
is  no  rivalry  between  the  two  journals,  except  such  as  may  legiti- 
mately exist  between  friends,  causing  both  perhaps  to  try  to  do 
their  best.  In  these  days  of  consolidation,  the  question  may  fairiy 
be  asked  whether  it  would  not  perhaps  be  better  to  unite  the  two? 
It  may  be  said  that  this  subject  has  often  been  under  friendly 
consideration,  but  the  result  has  been  unfavorable  to  consolida- 
tion. It  must  be  confessed  that  the  personal  element  enters  into 
the  discussion  to  some  extent,  and  your  speaker  is  the  person  in- 
volved. I  feel  more  or  less  as  though  the  American  Chemical 
Journal  were  one  of  my  children.  Much  of  my  activity  has  gone 
into  the  Journal  for  a  quarter  of  a  century.  I  have  seen  it  develop 
from  a  feeble  condition,  through  a  dangerous  second 
summer,  through  the  usual  list  of  children's  diseases, 
until  it  was  able  to  stand  on  its  own  feet  and  become  self- 
supporting.  While  marriage  is  perhaps  now  in  order,  it  is  clear 
that  this  would  involve  a  change  of  name  and  a  loss  of  identity, 
and  this  I  do  not  like  to  contemplate.  So,  my  brethren  of  the 
Chemical  Society,  I  ask  you  to  bear  with  me  for  a  few  years 
longer.  This  independent  journal  will  do  our  Society  no  harm. 
On  the  contrary,  you  may  count  on  me  to  do  all  in  my  power  to 
further  the  interests  of  the  Society.  One  new  reason  why  I  do 
not  want  to  give  the  journal  up  is  that  by  force  of  circumstances  I 
have,  to  some  extent,  recently  been  drawn  away  from  my  chemical 
bearings,  and  I  do  not  wish  as  yet  to  occiipy  that  position  on  the 
shelf  that  is,  I  suppose,  awaiting  me.  My  interest  in  chemistry 
is,  I  think,  as  great  as  it  ever  was,  and  I  wish  to  do  ever)rthing  I 
can  to  keep  up  that  interest.  Through  the  journal  I  am  neces- 
sarily kept  more  or  less  in  touch  with  many  of  the  active  workers. 
While  this  is  of  no  special  importance  to  the  workers,  it  is  most 
helpful  and  refreshing  to  me,  and,  after  a  service  of  over  thirty 
years  in  the  ranks,  I  feel  that  I  have  a  right  to  a  pension.  The 
only  one  I  ask  is  the  permission  to  continue  as  editor  of  my  old 
journal  without  being  subjected  to  the  suspicion  that  I  am  an 
enemy  of  our  Society  and  its  constantly  improving  and  now  ex- 
cellent Journal. 
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But  this  is  all  too  personal,  and  I  now  pass  to  something  im- 
personal. The  general  subject  to  which  I  ask  your  attention  may 
be  called  "The  Life  History  of  a  Doctrine".  This  title  suggests 
a  biological  analogy.  The  life  history  of  an  animal  includes  a 
record  of  the  events  in  the  life  of  that  animal  from  the  earliest 
stages  to  the  end — ^^from  birth  to  death.  But  there  are  events  be- 
fore birth.  The  life  history  is  preceded  by  the  embryonic  history, 
and  there  are  events  after  death— events  biological,  as  shown  in 
heredity;  events  chemical  and  physical  as  shown  in  decay  and  the 
reduction  of  the  complex  constituents  of  the  animal  to  simple 
forms  that  can  be  assimilated  by  living  things  and  thus  enter 
again  into  the  round  of  life.  I  do  not  refer  here  to  spiritual  events 
after  death,  for,  in  speaking  of  animals,!  have  not  had  man  in 
mind,  and  it  is  customary,  I  believe,  to  deny  to  all  animals,  with 
this  exception,  the  persistence  of  the  spirit  after  death.  In 
the  analogy  that  I  have  in  mind,  however,  the  spiritual  events  are 
to  be  taken  into  account,  for,  as  I  think  can  be  made  clear,  there  is 
a  life  after  death  in  the  case  of  a  good  doctrine  as  in  the  case  of  a 
good  man.  The  pursuit  of  this  analogy  is  interesting  (to  me), 
but  it  will  be  more  profitable  to  illustrate  it  by  examples,  of  which 
there  is  no  end.  I  wish  especially  to  point  out  the  bearing  of  the 
philosophy  of  the  history  of  chemistry  upon  the  present-day  prob- 
lems so  far  as  this  may  be  possible  in  the  time  at  my  disposal 

The  doctrine  of  the  transmutation  of  metals  played  a  most  im- 
portant part  in  its  day.  No  one  can  trace  it  to  its  beginning.  It 
is,  however,  clear,  that  it  developed  great  strength  and  controlled 
the  intellectual  activities  of  the  leading  intellectual  men  of  the 
world  for  several  centuries.  It  led  to  the  development  of  chem- 
istty.  The  alchemists  were  the  working  chemists  of  their  day. 
They  taught  the  world  the  lesson  that  it  is  only  by  contact  with 
the  things  of  this  world  that  we  can  gam  knowledge  of  them. 
They  laid  the  foundations  of  experimental  science.  The  soul  of 
alchemy  was  experiment.  The  fundamental  doctrine  of  alchemy, 
transmutation,  after  a  long  and  active  life  began  to  show  signs  of 
weakness ;  and  in  due  time  it  took  to  its  bed,  and  in  spite  of  admir- 
able medical  care  it  died  and  was  buried.  No  chemical  doctrine 
has  had  anything  like  as  long  a  life  as  this.  To  be  sure,  this  could 
not  have  been  possible,  as  the  life  history  of  the  doctrine  of  trans- 
mutation covered  a  period  longer  than  that  which  has  elapsed 
since  its  death,  though  it  is  difficult  to  fix  the  time  of  its  death 
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with  accuracy.  It  is  dead  now  at  all  events,  and  we  may  ask  the 
question:  What  came  after  death?  The  doctrine  accumulated 
large  wealth  and  left  the  world  a  large  estate.  I  need  not  give 
you  the  inventory.  Probably  no  one  can  do  so.  But 
we  do  know  that  we  owe  to  the  activities  of  those  who 
were  controlled  by  the  doctrine  of  transmutation  a  long 
list  of  substances  that  are  of  fundamental  importance^  such 
as  sulphuric  add,  nitric  acid,  phosphorus,  alcohd,  ether, 
etc.  This  is  the  material  side  of  our  inheritance.  How 
about  the  spiritual  ?  I  have  said  that  experiment  was  the  soul  of 
alchemy.  That  will  live  forever.  I  should  perhaps  have  said  that 
experiment  was  one  of  the  souls  of  alchemy,  for  I  suppose  it  is 
not  objectionable  to  assume  that  a  doctrine  may  have  more  than 
one  soul.  The  rule  in  rq^ard  to  human  beings  seems  to  be  per- 
fectly simple,  and  it  is  generally  accepted,  but  I  once  heard  of  a 
professor,  who,  speaking  of  some  great  disaster,  said :  "On  this 
occasion  three  hundred  souls  perished— counting  one  soul  to  eadi 
body."  Assuming  that  a  doctrine  may  have  more  than  one  soul, 
I  am  inclined  to  think  that  a  second  soul  of  alchemy  is  to  be  found 
in  the  idea  of  the  relationship  between  the  elements — an  idea  that 
persists  and  keeps  dangling  before  us  the  possibility  of  the  trans- 
mutation, not  only  of  base  metals  into  gold  or  silver,  but  of  all 
the  elements  one  into  the  other  from  one  end  of  the  list  to  the 
other. 

Let  us  take  another  doctrine — that  of  phlogiston.  The  embry- 
ology of  this  doctrine  has  not  been  clearly  -worked  out,  but  its  life 
history  has  been  traced  pretty  carefully.  We  know  how  it  died 
and,  in  the  events  that  followed,  it  is  not  difficult  to  find  evidence 
of  its  existence  after  death.  It  was  through  the  influence  of  this 
doctrine  that  chemists  came  to  recognize  the  common  features  of 
those  phenomena  that  Ve  now  group  together  under  the  general 
name  of  oxidation.  They  were  all  ascribed  to  one  cause,  a  subtle 
substance,  phlogiston.  The  search  for  this  substance  became  the 
great  problem  of  chemistry.  The  possibility  of  finding  it  was  a 
great  incentive  to  work.  What  matters  it  that  the  doctrine  of 
phlogiston  became  aged  and  died  and  was  buried?  It  did  good 
service — inestimable  service.  It  kept  its  disciples  at  work  and 
led  them  through  this  work  nearer  and  nearer  to  the  truth.  In 
its  life  it  passed  through  the  period  of  infancy  with  all  its  attend- 
ant dangers,  through  the  period  of  enthusiastic  youth,  through 
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Sturdy  manhood,  and  it  reached  old  age  with  its  attendant  signs  of 
weakness  and  decay.  It  died  at  last,  but  only  after  a  mighty 
struggle.  The  act  of  dying  was  prolonged.  Since  then  genera- 
tions of  astute  teachers  of  chemistry  have  pointed  out  to  their 
perhaps  even  more  astute  scholars  the  errors  of  phlogisticians, 
an4  thev  have  all  smiled  and  wondered  how  these*  deluded  men 
could  ever  have  been  deluded.  Possibly  they  forget  that  those  at 
whom  they  smile  were  the  leaders  of  dieir  times,  and  that  these 
leaders  were  trying  as  earnestly  as  the  chemists  of  our  own  day 
to  learn  the  truth. 

What  is  the  spiritual  part  of  the  doctrine  of  phlogiston  that  lives 
after  its  death  ?  Clearly  it  is  the  idea  that  all  the  phenomena  of 
combustion,  including  calcination,  have  a  common  cause.  That 
cause  has,  to  be  sure,  been  shown  to  be  oxygen.  The  phlo- 
gisticians  thought  that  the  cause  was  phlogiston,  a  purely 
imaginary  substance.  Priestley  and  Scheele  and  Lavoisier 
showed  that  it  is  an  invisible  gas  working  quite  differently 
from  the  way  the  phlogisticians  supposed.  The  life  of  the  doc- 
trine of  phlc^iston  left  us  richer  in  material  possessions  and  in 
ideas.  The  discovery  of  oxygen  which  is  no  doubt  the  most  im- 
portant discovery  ever  made  in  the  field  of  chemistry,  tended  to 
give  a  materialistic  trend  to  the  thoughts  of  chemists.  Both  the 
philosopher's  stone  and  phlogiston  were  imaginary  substances  that 
were  sought  in  vain.  Although  both  have  been  described  by  en- 
thusiastic, but  inaccurate,  and  perhaps  mendacious,  workers  and 
writers,  neither  of  these  subtle  things  could  be  found.  It  was, 
nevertheless,  possible  to  believe  in  their  existence  and  to  indulge  in 
the  hope  of  their  discovery.  But  nt>w  oxygen  came  on  the  scene. 
Indeed,  it  may  be  truly  said  that  it  took  possession  of  the  stage, 
and  it  has  been  playing  the  leading  part  in  the  field  of  chemistry 
ever  since.  Here  is  an  invisible  substance  existing  in  the  air  and 
capable  of  bringing  about  the  most  astonishing  changes  in  things. 
We  can  not  realize  the  effect  of  this  discovery  upon  the  thoughts 
of  chemists.  I  sometimes  feel  that  I  should  like  to  have  lived  as 
a  chemist  in  the  latter  part  of  the  eighteenth  century.  What 
thrills  the  workers  of  that  time  must  have  felt  when  they  heard  of 
the  discovery  of  oxygen  and  learned  from  Lavoisier  what  part  it 
played  in  combustion !  W^e  sometimes  plume  ourselves  upon  the 
doings  of  our  own  times.    Has  there  ever  been  a  more  active  or 
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more  fruitful  period  in  the  history  of  chemistry  than  that  wonder-; 
ful  period  here  referred  to  ? 

It  was  a  great  step  forward  to  show  that  oxygen  is  one  of  die 
most  powerful  agents  at  work  in  the  pnxesses  that  are  in  progress 
on  this  earth.  Not  only  combustion,  but  life  in  all  its  forms  is  io 
some  way  dependent  upon  it — animal  life  directly,  plant  life  indi* 
rectly.  Oxygen  is  the  controlling  factor  in  all  the  changes  diat 
are  familiar  to  us.  Some  one,  I  do  not  know  who,  is  responsible 
for  that  superficial  and  much  quoted  phrase  "Without  phosphorus 
no  thought."  The  same  statement  could  be  made  with  eqvai 
truth  in  regard  to  other  elements,  such,  for  example,  as  nitrogen, 
carbon,  hydrogen,  sulphur,  sodium,  calcium,  and,  above  all*. 
oxygen.  Indeed,  we  may  almost  say,  without  oxygen  no  chemical 
activity  on  this  earth.  This  sudden  appearance  of  oxygen  and  the 
recognition  of  its  importance  tended  to  put  matter  on  a  throne. 
"The  study  of  material  things  will  lead  to  the  discovery  of  the 
hidden  causes  of  other  phenomena.  See  what  the  discovery  of 
oxygen  has  done  for  us  1  Here  is  something  tangible.  Let  ns  to 
work.  There  must  be  plenty  of  other  things  that  operate  as 
causes.  If  we  can  only  bring  these  things  to  light,  we  shall  be 
able  to  understand  what  is  going  on  around  us."  So  must  the 
materialists  have  thought.  There  were,  however,  in  those  days, 
as  there  probably  always  have  been,  those  who  looked  for  die 
power  behind  the  throne  on  which  matter  had  been  placed.  To 
drop  the  figure  and  return  to  oxygen  we  may  say  that,  while  the 
discovery  of  this  element  gave  the  answers  to  many  questions,  it 
raised  many  new  questions ;  and  the  attempts  to  answer  these  led 
again  to  regions  of  imagery. 

One  of  the  oldest  tricks  of  the  mind  is  the  invokii^  of  spirits 
in  time  of  need.  What  causes  all  bodies  to  attract  all  others? 
We  say  gravitation,  and  somehow  this  spirit  helps  us.  We  ferf 
as  though  we  knew  more  about  the  phenomena  of  universal  at- 
traction  when  we  have  given  a  name  to  an  imaginary  and  imma- 
terial cause.  So,  too,  when  we  inquire  why  oxygen  causes  the 
changes  it  is  known  to  cause  we  can  only  conjure  the  spirits  and 
give  a  new  name.  Oxygen  unites  with  carbon ;  the  carbon  bums; 
a  new  thing  is  formed.  It  all  becomes  clear  when  we  are  told 
that  it  is  chemical  affinity  that  does  it.  Chemical  affinity  isn't  an 
imaginary  substance;  it  isn't  something  that  we  may  see  and 
handle.     We    haven't    forgotten    the   philosopher's    stone    and 
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phlc^iston.  Our  imaginary  cause  is  spiritual ;  it  is  not  material. 
But  this  is  a  digression.  It  was  intended  to  show  how  the  mind^ 
reverts  promptly  to  the  subtle,  however  powerful  the  attraction  of 
matter  may  be.    We  cannot,  if  we  would,  keep  to  things  material. 

Recalling,  what  perhaps  even  I  have  forgotten,  that  my  theme 
is  "The  Life  History  of  a  Doctrine,"  I  propose,  now  that  I  have 
tried  to  show  what  is  meant  by  this  phrase,  to  move  on  more  rap- 
idly, so  that  I  may  dwell  somewhat  more  fully  upon  one  particular 
doctrine  that  has  been  before  the  chemical  world  in  one  form  or 
another  for  about  a  century. 

The  discovery  of  oxygen  did  not  lead  directly  to  the  introduc- 
tion of  a  new  chemical  doctrine.  Its  chief  result,  as  far  as 
doctrine  is  concerned,  was  the  death  of  the  doctrine  of  phlogiston. 

The  discovery  emphasized  the  importance  of  taking  into  con- 
sideration the  weights  of  the  things  worked  with.  It  was  by  this 
means  that  Lavoisier  achieved  his  brilliant  success.  That  weight 
was  rather  lightly  regarded  in  earlier  days  may  be  seen  from  the 
following  quotation,  which  is  taken  from  an  essay  by  Dr.  Jean 
Rey,  published  in  1630: 

"My  chief  care  hitherto  has  been  to  impress  on  the  minds  of  all 
the  persuasion  that  air  is  heavy,  inasmuch  as  from  it  I  propose  to 
derive  the  increase  in  weight  of  tin  and  lead  when  they  are  cal- 
cined. But  before  showing  how  that  comes  to  pass,  I  must  make 
this  observation — ^that  the  weight  of  a  thing  may  be  examined  in 
two  ways,  vis.,  by  the  aid  of  reason,  or  with  the  balance.  It  is 
reason  which  has  led  me  to  discover  weight  in  all  the  elements, 
and  it  is  reason  which  now  leads  me  to  give  a  flat  denial  to  that 
erroneous  maxim  which  has  been  current  since  the  birth  of 
philosophy — ^that  the  elements  mutually  undergoing  change,  one 
into  the  other,  lose  or  gain  weight,  according  as  in  changing  they 
become  rarefied  or  condensed.  With  the  arms  of  reason  I  boldly 
enter  the  lists  to  combat  this  error,  and  to  sustain  that  weight  is 
so  closely  united  to  the  primary  matter  of  the  elements  that  they 
can  never  be  deprived  of  it.  The  weight  with  which  each  portion 
of  matter  was  endued  at  the  cradle,  will  be  carried  by  it  to  the 
grave.  In  whatever  place,  in  whatever  form,  to  whatever  volume 
it  may  be  reduced,  the  same  weight  always  persists.  But  not  pre- 
suming that  my  statements  are  on  a  parity  with  those  of  Pytha- 
goras, so  that  it  suffices  to  have  advanced  them,  I  support  them 
with  a  demonstration  which,  as  I  conceive,  all  men  of  sense  will 
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accept  Let  there  be  taken  a  portion  of  earth  which  shall  have  io 
it  the  smallest  possible  weight,  beyond  which  no  weight  can  sub- 
sist :  let  this  earth  be  converted  into  water  by  the  means  known 
and  practiced  by  nature:  it  is  evident  that  this  water  will  have 
weight,  since  all  water  must  have  it,  and  this  weight  will  either 
be  greater  than  that  of  the  earth,  or  less  than  it,  or  else  equal  to  it. 
My  opponents  will  not  say  that  it  is  greater,  for  they  profess  the 
contrary,  and  I  also  am  of  their  opinion:  smaller  it  cannot  be^ 
since  we  took  the  smallest  weight  that  can  exist:  there  remains 
then  only  the  case  that  the  two  are  equal,  which  I  undertook  to 
prove.  What  is  shown  of  this  particle  may  be  shown  of  two^. 
three,  or  a  very  great  number — in  short,  of  all  the  element,  whid> 
is  composed  of  nothing  else.  The  same  proof  may  be  extended  to 
the  conversion  of  water  into  air,  of  air  into  fire ;  and,  conversely, 
of  the  last  of  these  into  the  first." 

The  idea  that  a  thing  can  be  weighed  by  reason  is,  I  suppose,  an 
inheritance  from  the  old  philosophers  who  seem  to  have  believed 
that  all  the  problems  of  the  universe  could  be  solved  by  mental 
operations,  or  that  any  problem  that  could  not  be  solved  in  that 
way  was  not  worthy  of  their  consideration.  The  first  great 
generalization  that  wa^  reached  after  the  method  of  weighing  was 
generally  adopted  by  chemists  was  what  we  sometimes  call  the 
law  of  the  indestructibility  of  matter,  or,  in  more  refined  language, 
the  law  of  the  conservation  of  mass.  Then  followed  the  laws  of 
definite  and  multiple  proportions.  Now  a  law  of  nature  is  quite 
a  different  thing  from  a  doctrine.  A  law  once  discovered  does 
not  wither  and  die.  It  is  eternal.  Such  a  statement  cannot  be 
proved  to  be  true.  It  calls  for  faith,  but  faith  is  called  for  at 
every  turn  in  scientific  matters  as  well  as  in  spiritual.  Without 
it  progress  would  be  impossible.  As  I  am  trying  to  deal  with 
doctrines  and  not  with  laws,  let  me  say  that  doctrines  call  for 
even  a  larger  faith  than  laws.  The  very  essence  of  a  doctrine  is 
faith  in  things  unseen.  The  discovery  of  the  laws  of  definite  and 
multiple  proportions  led  to  the  thought  of  atoms — not  the  evasive 
atoms  of  the  Greeks,  but  atoms  that  could,  in  a  way,  be  made  the 
subject  of  experiment— the  Daltonian  atoms.  This  conception 
appeals  to  some  minds  very  strongly.  It  is  not  necessary  that  we 
should  know  what  the  atoms  look  like,  though  this  is  highly  desir- 
able. The  atom  of  chemistry  can  accomplish  the  purpose  for 
which  it  was  conceived  by  Dalton  by  simply  standing  for  a  unit  of 
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matter  that  can  pass  unchanged,  so  far  as  mass  is  concerned, 
through  a  series  of  chemical  changes.  That  is  all  we  need  to  think 
of  under  ordinary  circumstances.    Some  refined  thinkers  have 
found  mental  objections  to  the  atom  and  it  has  been  the  subject  of 
innumerable  attacks.     It  doesn't  do  some  things  that  it  appears  to 
us  it  ought  to  do  and  we  try  to  depose  it  from  time  to  time. 
Particles  that  cannot  be  more  than  o.ooi  of  the  size  of  an  atom 
-challenge  the  right  of  the  latter  to  supremacy,  and  the  novelty- 
seekers,   the  bom   ioofloclasts,   cry  out,   ''Make   way   for  the 
•corpuscle;  the  atom  has  had  its  day."  But,  seriously,  the  corpuscle 
does  not  seem  to  threaten  the  atom  of  to-day  or  of  the  immediate 
future — ^say  any  time  within  the  next  million  years.    The  atom 
may  be  composed  of  corpuscles.    Indeed,  I  think  chemists  would 
rejoice  to  learn  that  this  is  the  fact.   -On  this  point,  let  me  quote 
J.  J.  Thomson,  the  father  of  the  new  corpuscle.    Speaking  of 
Lenard*s  observation  that  the  penetrating  power  of  the  corpuscles 
•depends  only  on  their  density,  he  says:    "This  is  exactly  what 
would  happen  if  the  atoms  of  the  chemical  elements  were  aggre- 
^tions  of  a  large  number  of  equal  particles  of  equal  mass,  the 
mass  of  an  atom  being  proportional  to  the  numberof  these  particles 
contained  in  it,  and  the  atom  being  a  collection  of  such  particles 
through  tlie  interstices  between  which  the  corpuscle  might  find  its 
way.''  ''Since  the  density  depends  only  on  the  number  of  particles 
in  unit  volume  and  is  independent  of  the  nature  of  the  resulting 
atoms,  Lenard's  result  is  a  strong  confirmation  of  the  view  that  the 
atoms  of  the  elementary  substances  are  made  up  of  simpler  ^arts 
all  of  which  are  alike."    I  am  as  yet  unable  to  form  a  judgment  in 
regard  to  the  value  of  the  evidence  thus  presented,  but  my  confidence 
in  J.  J.  Thomson  gives  me  faith  in  the  thoughts  suggested  by  him. 
As  I  understand  it,  the  worst  that  can  be  done  for  chemistry  by 
the  corpuscle  is  to  change  the  atom  so  slowly  that  it  would  take 
something:  like  a  million  years  to  enable  us  to  detect  the  change  by 
the  balance.    Perhaps  the  atomic  weights  of  the  elements,  or  of 
some  of  them,*  are  undergoing  change.    Whether  in  the  course  of 
geological  ages  the  atoms  are  becoming  simpler  or  more  complex 
is  a  question  that  appears  idle  at  first,  and  yet  when  we  bear  in 
mind  the  fact  that  the  3toma  of  our  day  have  already  been  sub- 
jected to  a  great  variety  of  influences  for  ages  past,  and  that  the 
atoms  that  we  know  are  comparatively  complex,  we  may  at  least 
suspect  that  the  tendency  so  far  is  towards  complexity.    But  here 


124  IK^  RBMSBN. 

we  are  face  to  face  with  a  problem  far  beyond  our  powers — ihe 
action  of  eons  upon  ions. 

Even  if  we  assume  the  corpuscle,  our  conception  is  still  materi- 
alistic, and  we  have  to  face  the  question,  What  is  matter? 
That  is  a  deep  question— one  of  the  deepest  that  can  be  asked.  It 
is  not  difficult  to  show  that  all  definitions  of  matter  that  have  bceo 
given  are  totally  inadequate ;  to  show  that  matter  is  a  product  of 
the  imagination ;  that  we  know  matter  only  in  so  far  as  it  affects 
our  senses,  and  our  senses  are  affected  only  by  the  different  forms 
of  energy.  By  logic  we  can  easily,  with  Ostwald,  reach  the  con- 
clusion that  "matter  and  energy  are  not  to  be  thought  of  as  dis- 
tinct, as,  for  example,  body  and  soul."  We  cannot  help  agreeing 
with  him  further  when  he  says :  "If  we  attempt  to  think  of  matter 
as  separate  from  the  various  forms  of  energy  nothing  is  left. 
Matter  is,  in  fact,  nothing  but  a  group  of  different  energies  in 
space."  But  what  is  energy?  This  question  would  have  been 
promptly  referred  to  the  physicists  by  the  older  chemists,  but  the 
chemists  of  to-day  are  physical  chemists  or  chemical  physicists* 
and  they  grapple  with  such  questions  without  reserve.  Perhaps 
the  nearest  approach  to  an  answer  is  that  of  Herz,  who,  accordii^ 
to  Ostwald,  "expressly  declines  to  see  anything  in  the  electro- 
magnetic theory  of  light  but  a  system  of  six  differential  equa- 
tions." By  means  of  mathematics,  relations  may  be  expressed 
and  the  story  of  nature  told  in  a  way  that  is  clear  to  one  who 
understands  the  language,  and  perhaps  the  time  will  come  when 
men  will  have  a  complete  record  of  the  various  forms  of  activity 
of  nature,  and  they  may  then  see  that  our  mech^/iical  and  materi- 
alistic conceptions  of  natural  phenomena  are  like  the  rude  draw- 
ings of  a  child  as  compared  with  the  paintings  of  Raphael.  We 
have  glimpses  of  such  a  scientific  millenium  in  a  few  nooks  and 
comers  of  physics.  When  that  time  shall  come  the  physicists  and 
chemists  will  in  a  way  be  superfluous.  Everything  will  talce  the 
form  of  mathematics.  By  mental  operations  alone  it  will  then  be 
possible  to  solve  such  problems  as  may  remain  to  be  solved.  It 
will  then  no  longer  be  necessary  to  work  with  things— or  rather 
with  those  manifestations  of  energy  which  in  by-gone  ages  (say 
the  twentieth  century)  had  been  crudely  interpreted  as  indicating 
the  existence  of  matter.  A  few  models  of  molecules,  of  atoms,  of 
corpuscles,  and,  I  fear  I  must  add,  of  ions,  may  then  be  preserved 
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in  the  archaeological  institutes  for  the  contemplation  of  mathe- 
matical philosophers. 

What  I  have  just  said  has  not  been  intended  as  a  criticism  of 
any  tendency.  I  have  had  that  vision  as  others  have.  So,  too,  I 
have  had  visions  of  a  heavenly  kingdom  to  come,  and  I  am  thank- 
ful that  this  has  been  vouchsafed  to  me.  But  that  heavenly  king- 
dom is  far  away  andsoisthatscientificmillenium.  Meanwhilethere 
is  work  to  be  done  here  on  earth  and  with  earthly  things.  If  we 
were  all  angels,  a  good  many  problems  that  now  worry  us  would 
be  solved — ^never  to  be  solved  again.  So,  too,  in  that  scientific 
millenium  such  work  as  scientific  men  now  do  will  not  be  called 
for.  I  sometimes  think  that  the  man  with  the  distinctly  mathe- 
matical mind  must  necessarily  be  unhappy  if  he  applies  himself  to 
the  study  of  natural  phenomena.  The  points  of  contact  between 
his  language  and  the  facts  established  are  relatively  so  few  that 
he  must  have  sensations  like  those  of  a  man  with  large  wealth  in  a 
desert  island.  I  once  knew  a  young  mathematician,  even  then 
distinguished,  who  had  made  something  of  a  study  of  physics.  He 
needed  to  add  to  his  income  and  an  opportunity  offered  itself  to 
lixm  to  coach  some  students  of  physics.  He  tried  this  and  had  to 
give  it  up.  One  evening  I  found  him  in  great  distress.  He  told 
me  that  he  had  been  trying  to  explain  the  law  of  falling  bodies  to 
his  scholars  and  had  failed  to  make  any  impression  on  them.  He 
confessed  that  he  himself  had  no  conception  of  the  significance  of 
the  law  except  as  it  appeared  to  him  in  a  mathematical  expression. 
He  could  not  think  of  a  falling  body  as  such.    The  mathematical 

dx 
expression  •^=^/+ constant,   however,   made  all  clear.      He 

tried  to  convey  his  own  thoughts  to  his  students  and  he  was 
greeted  with  open-mouthed  wonder.  So,  too,  I  knew  a  physicis** 
who  approached  his  problems  in  much  the  same  way.  He  would 
not  let  his  class  of  beginners  work  with  a  lever  and  deduce  the 
law  from  the  results  of  their  own  experiments,  which  to  me  ap- 
peared an  instructive  exercise,  "for"  he  said  "the  lever  is  a  mathe- 
matical instrument  and  it  is  not  necessary  to  experiment  with  it  in 
order  to  determine  the  laws  of  its  action." 

On  the  other  hand,  I  have  been  told  that  Lord  Kelvin  says  he 
cannot  form  a  clear  conception  of  any  nattu-al  phenomenon  with- 
out the  aid  of  a  model.     I  remember  years  ago,  when  he  was 
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lecturing  at  the  Johns  Hopkins  University,  that  he  shciwed  hi» 
hearers  a  beautiful  model  of  light  waves,  and  I  am  sure  they  had 
the  power  to  convey  light  to  a  number  of  brains  that  would  have 
been  in  darkness  if  any  other  method  had  been  adopted.  Whether 
we  will  or  not,  we  have  the  non-mathematical  mind  to  deal  witlw 
and  this  brings  me  back  to  chemistry  and  that  special  doctrine  of 
chemistry  that  has  to  deal  with  atoms. 

The  doctrine  of  atoms  is  still  alive  though  it  came  into  being 
about  a  hundred  years  ago.  It  has  been  proved  to  be  illogical  as 
the  ether  that  fills  all  space  has  been  shown  to  be  incapable  of 
existence.  Properties  must  be  ascribed  to  the  atom  that  it  cannot 
possess  and  the  same  is  true  of  the  ether.  What  are  we  to  do? 
Throw  over  the  atom  and  the  ether?  Although  both  have  been 
convicted  of  being  illogical,  I  do  not  think  it  would  be  logical  to 
give  them  up,  for  they  are  helpful  in  spite  of  their  shortcomings, 
and  in  some  way  they  suggest  great  truths.  They  are  symbolic 
It  would  be  as  illogical  to  give  them  up  as  it  is,  in  my  opinion,  to 
deny  the  existence  of  a  power  in  the  universe  infinitely  greater 
than  any  of  the  manifestations  familiar  to  ms  ;  infinitely  greater 
than  man ;  a  power  ''that  passeth  all  understanding."  The  atom 
helps  us ;  the  ether  helps  the  physicist.  We  cannot  give  them  up 
without  losing  our  hold  on  many  phenomena.  For  a  century  the 
phenomena  of  chemistry  have  been  interpreted  in  terms  of  atoms. 
Take  away  that  conception  and,  though  it  would  be  possible  to 
deal  with  these  phenomena,  I  cannot  believe  that  they  would  ^p- 
pear  as  clear  as  they  now  do.  In  an  address  before  the  chemical 
section  of  the  British  Association  for  the  Advancement  of  Science 
last  summer  Professor  Edward  Divers  took  as  his  theme  ''The 
Atomic  Theory  without  Hypothesis."  Let  me  quote  a  few  pas- 
sages from  his  address.  He  says :  "The  atomic  theory  of  chem- 
istry stands  unsurpassed  for  the  way  in  which  it  has  fulfilled  the 
purpose  of  every  great  theory,  that  of  giving  intellectual  mastery 
of  the  phenomena  of  which  it  treats.  But  in  the  form  in  which  it 
was  enunciated,  and  still  is  universally  expressed  .and  accepted,  it 
has  the  defect  of  resting  upon  a  metaphysical  basis,  namely,  upon 
the  ancient  hypothesis  that  bodies  are  not  continuous  in  texture, 
but  consist  of  discrete,  ultra-minute  particles  whose  properties,  if 
known,  would  account  for  those  of  the  bodies  themselves.  Hence 
it  has  happened  that,  despite  the  light  it  throws  upon  the  relations 
of  chemical  phenomena  and  the  simple  means  it  affords  of  ex- 
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pressing  those  relations,  this  theory  has  always  been  regarded 
with  misgiving,  and  failed  to  achieve  that  explicit  recognition 
which  its  abounding  merit  calls  for.    Indeed,  the  desire  has  been 
expressed  to  see  the  time  when  something  on  a  more  solid  founda- 
tion shall  have  taken  its  place.''    Professor  Divers  thinks  that  in 
dealing  with  chemical  phenomena  we  can  avoid  thinking  of  dis- 
crete particles  of  matter.    The  law  of  constant  proportions  is»  to 
be  sure,  entirely  comprehensible  as  a  law  without  the  aid  of  the 
atomic  theory,  and  so  is  the  law  of  multiple  proportions,  but  can 
we  possibly,  as  yet,  coordinate  them  without  this  aid?    I  do  not 
think  I  can,  and  this  doesn't  worry  me.    The  kind  of  atom  that 
my  mind's  eye  sees  seems  to  help  me,  but  that  eye  has  not  troubled 
itself  with  other  attributes  of  the  atom  than  that  one  which  is 
needed.    It  will  be  remembered  that  in  Dalton's  time  it  was  pro- 
posed to  substitute  for  the  atom  the  equivalent  and  some  even 
wanted  to  use  the  conception  of  combining  numbers.    This  last 
conception  appeals  to  the  systematic  mind  at  first,  but  one  cannot 
go  very  far  with  it  without  tacitly  accepting  the  atomic  theory. 
On  this  point  Professor  Divers  says :  "Refusing  to  commit  them- 
selves to  belief  in  the  hypothesis,  chemists  have  thought  from  the 
first  to  escape  the  adoption  of  the  atomic  theory  by  putting 
.  Dalton's  discovery  into  something  like  these  words :    Numbers, 
called  proportional  or  combining  numbers,  can  be  assigned  to  the 
chemical  elements— one  to  each — ^which  will  express  all  the  ratios 
of  the  weights  or  masses  in  which  substances  interact  and  com- 
bine together.    Perhaps,"  says   Professor  Divers,  "the  atomic 
theory  is  successfully  set  aside  by  expressing  what  is  an  actuality 
as  an  unaccounted-for  possibility.     But  then  those  who  use  any 
such  mode  of  expressing  the  facts  without  reference  to  the  theory, 
never  fail  also  to  adopt  the  doctrine  of  equivalents,  and  thus,  by 
this  double  act  implicitly  give  in  their  adherence  to  the  theory." 

While  the  atomic  theory  can  be  used  without  using  atoms,  this 
must  involve  a  great  effort  for  the  average  mind.  Why  should 
we  make  the  effort?  If  we  can  get  a  broader  and  deeper  and 
clearer  view  of  chemical  phenomena  by  making  the  effort,  by  all 
means  let  us  make  it.  Can  we?  That  is  the  whole  question. 
Apparently,  not  enough  chemists  have  made  the  effort  to  furnish 
us  with  the  necessary  data  upon  which  to  base  a  conclusion.  I 
should  like  to  ask  a  dozen  chemists  to  give  me  each  his  idea  of  the 
atom.    The  results  would  be  interesting.     Some  years  ago  I  sat 
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next  the  late  Bishop  Brooks  at  a  dinner  party,  and  I  had  an  ex- 
tremely interesting  conversation  with  him.  I  remember  many 
things  he  said  and,  as  having  some  bearing  on  the  question  I  am 
now  dealing  with,  I  quote  this  remark:  "I  am  sure",  he  said, 
"that  every  individual  has  a  different  conception  of  God.  If  we 
could  get  at  these  conceptions  we  should  probably  be  greatly  sur- 
prised to  find  how  markedly  they  differ  from  one  another."  Each 
individual  injects  his  own  personality  into  his  conceptions,  and  the 
conceptions  change  according  to  circumstances. 

At  first,  weight,  or,  more  accurately,  mass,  was  the  only  attri- 
bute of  the  atom  that  needed  to  be  taken  into  consideration,  ex- 
cept, of  course,  that  power  of  combining  with  other  atoms  which 
is  its  fundamental  attribute.  Soon  after  the  atom  came  to  be  a 
part  of  the  chemist's  equipment,  two  important  attempts  were 
made  to  add  electrical  charges  to  the  atoms.  Davy  and  Berzelius 
took  different  views  of  the  way  in  which  the  electrical  charges  led 
to  chemical  acts,  but  they  both  agreed  that  chemical  acts  are  essen- 
tially electrical.  Every  atom  had,  not  only  weight  but  an  electric 
charge  which  did  not  add  to  its  weight,  but  helped  to  explain  its 
activity.  The  atom  bore  this  charge  for  many  years.  It  was 
thought  that  it  gave  it  up  and  returned  to  its  original  simple 
form  when  the  dualistic  conception  of  the  constitution  of  com- 
pounds gave  way  to  the  unitary  conception.  When  it  was  found 
that  chlorine,  an  electro-negative  element,  could  take  the  place  of 
the  electro-positive  hydrogen  without  creating  any  marked  dis- 
turbance, chemists  thought  it  best  to  turn  their  backs  on  the 
electro-chemical  theory.  In  fact,  the  old  electro-chemical  theories 
in  their  original  forms  were  untenable,  but  this  is  quite  a  different 
thing  from  saying  that  electrical  charges  have  nothing  to  do  with 
chemical  action.  It  appears  to-day  that  these  electrical  charges 
are  the  controlling  factors  in  chemical  phenomena,  but  of  that 
farther  on. 

The  next  change  that  took  place  in  the  conception  of  the  atom 
was  that  which  followed  the  discovery  of  Franldand  that  there  is 
a  limit  to  the  number  of  atoms  that  can  combine  with  any  other 
given  atom.  This  was  followed  up  by  Kekule  and  the  doctrine  of 
valence  was  the  result.  Atoms  differ  from  one  another  in  respect 
to  the  number  of  other  atoms  with  which  they  can  combine.  It 
would  be  interesting  to  follow  the  life  history  of  this  doctrine  of 
valence.    It  has  had  a  most  eventful  career.  It  has  been  chastened 
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by  experience,  and  now  it  appears  to  us  freed,  to  a  great  extent, 
from  the  faults  of  youth.  It  is  far  from  dead.  Indeed  it  is  prob- 
ably at  the  beginning  of  its  career.  The  phenomena  of  valence 
must  be  reckoned  with  and  the  study  of  these  phenomena  carries 
us  back  to  the  atoms  and  leads  us  to  seek  in  them  the  causes  of  the 
differences  in  the  composition  of  the  compounds  which  are  formed 
by  their  union. 

It  has  unquestionably  been  shown  that  the  original  form  of  the 
doctrine  of  valence  is  not  tenable.  Elements  cannot  be  classified 
rigidly  under  a  few  heads  as  univalent,  bivalent,  trivalent,  quad- 
rivalent, etc.,  nor  can  we  hold  the  other  view  that  all  the  elements 
have  either  an  even  number  or  an  odd  number  of  valences  or 
bonds,  though  there  appears  to  be  some  truth  in  this  latter  view. 
The  artiads  and  perissads  of  our  youth  may  return  to  us,  but  be- 
fore they  arc  received  it  will  be  necessary  for  us  to  ask  them  a 
few  questions,  and  for  them  to  answer  them  satisfactorily.  In 
fact,  we  have  learned  that  the  phenomena  of  valence  need  to  be 
studied  carefully  before  we  can  discover  the  laws  that  govern 
them.  The  views  that  prevail  to-day  are  but  the  foreshadowing 
of  a  broader  conception  of  valence.  This  subject  is  very  much  to 
the  front  at  present.  The  speculations  of  Werner  with  reference 
to  complex  inorganic  compounds  have  awakened  wide  interest 
and  have  set  many  to  thinking.  One  cannot  ignore  the  mass  of 
evidence  put  forward  by  Werner  that  tends  to  show  that  in  many 
compounds  it  is  necessary-  to  assume  the  existence  of  a  core  or 
inner  sphere  consisting  of  a  group  of  atoms  in  combination,  this 
core  holding  in  combination  a  definite  number. of  atoms  or  groups. 
Whether  that  which  holds  together  the  atoms  that  make  up  the 
core  is  what  in  simpler  compounds  manifests  itself  as  valence 
remains  to  be  seen.  At  all  events,  if  the  views  of  Werner  should 
prove  to  be  correct,  we  shall  have  two  kinds  of  valence  to  deal 
with — that  of  the  inner  sphere  and  that  of  the  outer  sphere,  or 
that  of  the  core  and  that  of  the  shell.  In  a  recent  article  Werner 
extends  his  views  and  introduces  the  conception  of  secondary 
valences.  Thus  he  holds  that  in  ammonia  the  three  valences  that 
enable  the  nitrogen  atom  to  hold  the  three  hydrogen  atoms  in  the 
molecule  of  ammonia  are  different  from  that  which  enables  am- 
monia to  combine  with  a  molecule  of  hydrochloric  acid.  The 
former  he  calls  the  "primary  valences"  (Hauptvalenzen),  the 
latter  a  "secondary  valence"  (Nebenvalenz).    He  does  not  think 
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that  the  two  differ  fundamentally.  So  Thiele  in  his  study  of  the 
phenomena  of  saturation  among  organic  compounds  is  obliged  to 
assume  the  existence  of  "partial  valences  ( Partial valenzen),  and 
the  facts  described  by  him  are  singularly  in  accord  with  the 
assumption.  This  applies  up  to  the  present  only  to  the  compounds 
of  carbon.  Thiele's  "partial  valences"  are,  however,  not  to  be 
confounded  with  the  secondary  valences  of  Werner  or  the  other 
earlier  "residual  valences"  of  Armstrong.  A  discussion  of  this 
subject  might  be  made  interesting  and  profitable,  but  I  cannot  go 
into  it  here.  So  many  curious  valence  phenomena  have  been  ob- 
served of  late  that  one  cannot  help  feeling  that  we  are  about  to 
have  a  revelation  that  will  make  the  old  as  well  as  the  new  phe- 
nomena appear  clear.  Carbon  is  bivalent  and  quadrivalent.  That 
has  always  been  clear,  though  Nef  has  made  it  clearer  than  it 
used  to  be.  But  now  comes  trivalent  carbon  that  Gomberg  has 
shown  us,  and  we  may  be  prepared  for  almost  an3rthing.  And 
oxygen  that  has  been  regarded  as  a  very  model  of  bivalency  these 
many  years  is  getting  restless,  and  is  beginning  to  show  that  it 
too  can  do  the  unexpected.  It  seems  clear  that  it  can  act  as  a 
quadrivalent  element,  but,  according  to  Waldcn,  it  has  even  higher 
powers. 

Whatever  may  come  of  all  this,  it  is  clear  that  we  must  enlarge 
our  conception  of  the  at6m.  It  not  only  has  the  power  to  combine 
with  other  atoms,  but  under  given  conditions  it  has  a  definite 
number  of  such  powers.  If  we  attempt  to  represent  these  powers 
to  our  minds  we  can  only  use  the  grossest  methods.  The  union 
of  two  univalent  atoms  does  not  necessitate  the  conception  of  di- 
rection. But  when  two  univalent  atoms  unite  with  one  bivalent 
atom  we  can  hardly  avoid  thinking  of  two  points  of  contact  on 
the  bivalent  atom  and  of  two  directions  in  which  it  exerts  its 
powers  of  combination.  This  conception  of  direction  is,  further, 
forced  upon  us  by  a  study  of  the  phenomena  of  stereochemistry, 
especially  in  the  field  of  the  chemistry  of  the  compounds  of 
carbon.  But,  if  the  carbon  atom  exerts  its  powers  of  combination 
in  definite  directions  that  can  be  determined  by  observation,  it  is, 
to  say  the  least,  highly  probable  that  all  other  elements  act  in  the 
same  general  way,  and  indeed  many  facts  have  been  discovered 
within  the  last  few  years  that  have  given  a  clue  to  the  stereo- 
chemistry of  nitrogen,  of  sulphur,  of  silicon  and  other  elements. 
Indeed,  in  the  studies  of  Werner,  already  referred  to,  stereo- 
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chemical  phenomena  are  illustrated  in  many  ways  by  compounds 
of  platinum,  palladium  and  other  metals  that  enter  into  the  com- 
plex inorganic  bases. 

Our  imaginary  atom  then  has  mass.  It  has  the  power  to  com- 
bine with  other  atoms  under  the  proper  conditions.  This  power 
is  either  a  unit  as  in  the  univalent  elements,  or  it  is  divisible  by 
2,  3,  4,  5,  6,  7  or  8  in  the  case  of  other  elements.  Further, 
one  and  the  same  element  may  exhibit  different  powers  under 
different  conditions,  but  the  laws  governing  these  variations  are 
not  known.  Finally,  the  powers  of  combination  of  a  polyvalent 
atom  are  exerted  in  definite  directions  that  can  to  some  extent  be 
determined.  These  directions  are  evidently  subject  to  variation, 
and  some  effect  upon  a  compound  caused  by  displacement  has 
apparently  been  shown  in  the  case  of  some  carbon  compounds ;  at 
least  Von  Baeyer's  strain  theory  is  based  upon  this  assumption. 

The  latest  turn  that  has  been  given  to  the  conception  of  the 
atom  brings  in  again  the  electric  charge.  It  appears  that  the  co- 
temporaries  of  Berzelius  were  too  easily  frightened,  and  Berzellus 
was  nearer  right  than  they  supposed.  Every  book  on  the  history 
of  chemistry  has  an  obituary  on  the  electrochemical  theory,  of 
Berzelius.  But  now  it  appears  that  the  electrical  charges  assumed 
by  him  must  be  assumed  by  us.  These  have  come  more  and 
more  to  the  front  of  late,  and  chemical  union  is  being  regarded 
more  and  more  as  due  to  the  interaction  of  these  charges.  Ac- 
cording to  the  modern  conception,  an  atom  may  or  may  not  be 
carrying  a  charge  of  electricity.  When  carrying  its  charge  it  is 
called  an  ion,  and  it  is  then  ready  for  action.  When  the  ele- 
mentary ion  gives  up  its  charge,  either  by  entering  into  combina- 
tion with  another  ion,  or  other  ions,  or  by  being  set  free,  it  be- 
comes an  atom.  But  more  than  this.  The  electrical  charge  of  an 
ion  is  either  a  unit  charge  or  a  multiple  of  this.  The  bivalent  ion 
has  two  charges,  the  trivalent  ion  has  three,  etc.  The  exoeri- 
mental  basis  for  these  ideas  is  found  in  the  electrolytic  phenomena 
that  are  included  in  the  scope  of  Faraday's  law.  Faraday  found 
that  a  definite  quantity  of  electricity  causes  a  definite  amount  of 
decomposition  in  a  conductor  of  the  second  class ;  and,  further,  he 
found  that  when  the  same  current  is  passed  through  solutions  of 
the  salts  of  different  metals  in  series,  the  masses  of  the  different 
metals  that  separate  are  proportional  to  the  combining  weights 
or  the  equivalents  of  these  metals.    To  make  clear  the  full  signifi- 


132  H.  C.  SHERMAN. 

cance  of  these  facts  would  require  more  time  than  is  at  my  dis- 
posal. Suffice  it  to  say,  that  in  terms  of  our  present  theory  it 
takes  twice  as  much  electricity  to  set  a  bivalent  atom  free  as  to  set 
a  univalent  atom  free;  three  times  as  much  for  a  trivalent  atom, 
etc.  How  to  conceive  of  one,  two,  three,  or  four  charges  of  elec- 
tricity on  an  ion  I  leave  to  the  physicists  to  explain,  though  it 
must  be  said  that  they  are  not  in  the  least  called  upon  to  explain. 

The  atom  has  thus  been  followed  in  its  career  down  to  to-day. 
The  changes  in  our  conceptions  have  been  traced  sufficiently  for 
our  purpose.  It  is  at  present  a  bundle  of  attributes  and  with 
these  attributes  it  is  a  convenient  nucleus  for  thought.  Nothing 
has  been  said  of  the  dynamics  of  the  atom,  by  which  I  do  not,  of 
course,  mean  chemical  dynamics  in  general.  So  far  as  the  atom 
is  concerned  our  knowledge  of  its  motions  may  perhaps  fairly  be 
summed  up  by  saying  that  it  seems  probable  that  it  moves  in  some 
mysterious  way,  and  perhaps  the  phenomena  of  chemistry  are  all 
due  to  this  motion.  But  that  carries  us  into  the  region  of  specu- 
lation pure  and  simple,  and 'in  this  region  the  scientific  worker 
feels  uncomfortable.    The  atmosphere  is  too  rarefied  for  him. 

If  you  now  ask  what  is  the  soul  of  the  doctrine  of  atoms?  I  can 
only  answer  that  this  soul  is  still  in  the  course  of  development. 
The  doctrine  has  some  immortal  attributes,  but  what  will  live  after 
its  death  is  too  early  for  any  one  to  say. 

"Prove  all  things.     Hold  fast  that  zvhich  is  good." 


[Contribution  prom  thb  Havembvkr  Laboratories  op   Coi,umbia 
University,  No.  74.] 

ON  THE  COnPOSITION  OF  COWS'  MILK. 

By  H.  C.  Sherman. 

Received  October  xo.  igoa. 

In  general  the  percentage  of  fat  in  cows'  milk  varies  much 
more  than  that  of  the  other  constituents.  It  is  probably  safe  to 
say  that  a  variation  of  3  per  cent,  in  fat  is  as  common  as  a  varia- 
tion of  I  per  cent,  in  the  total  amount  of  other  solids.  Milk  is  apt 
to  be  regarded,  therefore,  as  consisting  of  a  serum  of  quite  uni- 
form composition  in  which  is  suspended  a  variable  amount  of  fat. 
It  is,  however,  a  matter  of  some  importance  both  from  the 
physiological   standpoint  and  as  an  aid   in  judging  suspected 
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samples,  to  define  as  accurately  as  possible  the  normal  variations 
»of  each  of  the  chief  constituents  and  to  determine  whether  any 
change  in  the  amount  or  relative  proportion  of  proteids,  sugar  or 
ash  is  connected  with  the  fluctuations  in  the  fat  content. 

With  the  aid  of  friends  connected  with  a  large  dairy  farm,  the 
writer  has  been  able  to  obtain  a  considerable  number  of  samples, 
the  analyses  of  which  seem  of  sufficient  interest  to  warrant  publi- 
cation. These  samples  fall  mainly  into  two  groups :  ( i )  period- 
ical samples  of  the  mixed  milk  of  a  large  herd,  intended  to  show 
the  normal  variations  of  composition  during  the  year,  and  (2) 
samples  above  or  below  the  average  in  fat  or  in  solids-not-fat, 
analyzed  to  ascertain  whether  any  other  constituent  varies  with 
the  fat,  and  to  which  constituent  the  variations  in  the  solids-not- 
fat  is  chiefly  due. 

Methods  of  Analysis. — ^The  anal3rtical  methods  used  were  those 
of  the  Association  of  Official  Agricultural  Chemists*  and  the  Re- 
tails of  manipulation  were  uniform  throughout.  Fat  was  de- 
termined by  the  paper  coil  method,  the  milk  being  very  thoroughly 
dried  on  the  coil  and  then  extracted  with  anhydrous  ether.  The 
percentages  of  protein*  were  obtained  by  multiplying  the  percent- 
ages of  nitrogen  found  by  the  Kjeldahl  method  by  6.25,  the  di- 
gestion with  sulphuric  acid  being  continued  for  about  two  hours 
after  the  liquid  had  become  colorless.  Ash  was  determined  by 
direct  ignition  at  the  lowest  possible  dull  red  heat.  Milk-sugar 
was  determined  by  difference,  the  sum  of  the  percentages  of  fat, 
protein  and  ash  being  subtracted  from  the  percentage  of  total 
solids  found  by  drying  to  constant  weight  in  a  fiat-bottomed  dish 
at  the  temperature  of  boiling  water.  The  samples  were  preserved 
by  the  addition  of  formaldehyde  in  the  proportion  of  i  drop  of  the 
commercial  40  per  cent,  solution  to  each  ounce  of  sample.  In 
the  experience  of  this  laboratory  the  use  of  such  an  amount  of 
formaldehyde  has  not  been  found  to  have  any  appreciable  effect 
upon  the  anal>'tical  results. 

Source  of  Samples. — ^AU  of  the  samples  analyzed  were 
from  one  large  farm  in  Westchester  County,  New  York. 
The  herd  contained  about  600  milk  cows  of  which  about 
200    were    pure    bred    Jerseys    and    the    rest    mainly    "J^^sev 

1  Bulletin  46.  reriaed  edition.  Bureau  of  Chemigtry.  U.  S.  DeiMttment  of  Agriculture. 

s  In  aooordance  with  the  terminology  adopted  by  the  American  Assoaiation  of  Agricul- 
tural Colleges  and  Experiment  Stations,  the  term  "protein  "  is  used  to  designate  the  value 
(nitrogen  X6.3s). 
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grades."  From  450  to  500  cows  were  usually  milked  at 
a  time,  the  others  either  being  dry  or  allowed  to  run 
with  their  young  calves.  Though  divided  into  several  groups, 
the  entire  herd  was  under  one  herdsman,  who  stated  that  through- 
out the  year  each  cow  received  hay  or  green  fodder  and  one  and 
one-half  pounds  of  oil  meal  per  day,  and  in  addition  to  this  was 
fed  with  a  mixture  of  one-half  wheat  bran,  one-quarter 
crushed  oats  and  one-quarter  com  meal.  The  amount  of  this 
mixture  fed  depended  upon  the  judgment  of  the  feeder  and  to 
some  extent  upon  the  season  and  the  demand  for  milk,  but  was 
always  liberal.  Exercise  was  allowed  freely  except  in  very 
severe  weather  and  in  summer  there  was  pasturage,  though  this 
was  never  depended  upon  to  the  exclusion  of  other  food.  The 
cattle  were  always  comfortably  housed  and  were  milked  at  4.30 
to  5.00  A.M.,  and  3.30  to  4.00  p.m. 

Morning  and  Afternoon  Milk, — Frequent  tests  of  the  mixed 
milk  of  the  herd  showed  that  the  afternoon  milk  contained  quite 
regularly  about  04  per  cent,  more  fat  and  practically  the  same 
solids-not-fat  as  the  milk  yielded  in  the  morning.  Similar  results 
have  constantly  been  found  by  Richmond*  in  the  great  numbers  of 
analyses  made  yearly  in  his  laboratory.  Moreover,  it  has  been 
found  at  the  New  York  State  Experiment  Station*  and  by 
Fruhling  and  Schultze,"  in  each  case  as  the  result  of  many 
analyses,  that  neither  protein,  sugar  nor  ash  shows  any  distinct 
tendency  to  be  higher  at  one  milking  than  at  the  other,  or,  in  other 
words,  that  the  diflference  in  composition  between  morning  and 
evening  milk  is  a  difference  in  fat  content  only  and  does  not  ex- 
tend to  the  other,  constituents.  Linfield*  has  recently  reached  the 
same  conclusion  which  is  confirmed  for  the  herd  here  studied  in 
the  following  experiment  by  the  writer. 

On  April  19,  1901,  the  milk  obtained  at  each  milking  was  care- 
fully sampled  and  analyzed,  with  the  following  results : 

Pat. 

Morning  milk 4.85 

Afternoon  milk 5.22 

Further  experiments  on  this  point  were  therefore  contidered 

1  "  Dttlry  Chcmiitry/*  p.  ijS  and  papers  in  Tkt  AnafysL 

*  Report  for  |89i ;  Abstrmcted  in  Bxperiment  Station  Record,  4,  357. 
s  Quoted  by  Stohmann  :  **  Milch  and  Molkereiprodukte,"  p.  166. 

*  Utah  Bxperiment  Station  Bulletin  68,  p.  334. 
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unnecessary  and  in  studying  the  variations  of  composition  from 
month  to  month  only  the  afternoon  milk  was  sampled. 

SEASONAI.  VARIATIONS  IN  COMPOSITION. 

It  is  well  known  that  milk  tends  to  be  richer,  both  in  fat  and  in 
solids-not-fat,  in  winter  than  in  summer,  and  Richmond's  analyses 
have  shown  that  the  milk  received  from  English  farms  varies  in 
practically  the  same  way  each  year,  the  difference  between  the 
highest  and  lowest  monthly  averages  being  about  the  same  for  fat 
as  for  solids-not-fat  and  amounting  usually  to  0.3  or  0.4  per  cent. 

For  two  years,  beginning  with  April,  1900,  the  mixed  milk  of 
the  herd  above  described  was  sampled  and  analyzed  once  each 
month.  As  the  milk  came  to  the  dairy  in  cans  of  uniform  size,  an 
accurate  sample  was  readily  obtained  by  means  of  the  Scovell 
sampling  tube.  The  composition  of  these  samples  is  shown 
in  Table  I,  below. 

Tablb  I.— Composition  of  Montbi^y  Sampi.bs. 

Month.                     ToUlaoUda.  Pat.      Solidt-not-fat.    Protein.  Sugar.  Ash. 

January,  1901 14.69  5.36  9.33  3.76  4.83  0.74 

"        1902 14.82  5.35  9.47  3.82  4.89  0.76 

••        average 14.76  5-3^  9-40  3-7?  4-86  0.75 

February,  1901 14.53  5-24  9-29  3-67  487  0.75 

1902 14.73  538  9-35  372  4.88  0.75 

"         average...  14.63  5.31  9.32  3.70  4.87  0.75 

March,  1901 14.39  5-i9  9-2o  3-57  4.90  o-73 

••       1902 14.52  5-37  9.>5  3-57  4.84  0.74 

*•       average 14.46  5.28  9.18  3.57  4.87  0.74 

April,  1900 14.25  5-14  9-"  3-48  4-88  0.75 

••      1901 M.43  5.13  9.30  3.66  4.89  0.75 

"      average 14.34  5M  9-2o  3.57  488  0.75 

May,  1900 14.37  5.22  9.15  3.58  4.84  0.73 

"      1901 M.25  5.12  9.>3  3.54  484  0.75 

••      average 14.31  517  9-14  356  4-84  0.74 

June,  1900 14.26  5.10  9.16  3.59  4.85  0.72 

•'      1901 14.64  538  9-26  3.59  4.91  0.76 

"     average 14.45  5*24  9>2i  3*59  4.88  0.74 

July,  1900 14.13  5.00  9.13  3.54  4.84  0.75 

••     1901 U-23  529  8.94  3.50  4.71  0.73 

•'    average 14.18  5.»5  9-03  3-52  4-77  0-74 

August,  1900 14. 1 1  5-00  9"  358  4-79  o-74 

1901 "4.34  528  9.06  3.54  4.78  0.74 

average 14.23  5.14  909  3-56  4.79  0.74 

September,  1900 14.73  5-39  9-34  3-75  484  0.75 

1901 14.34  5.27  9-07  3-56  4.77  0.74 

'*          average..  14.54  5-33  9-2i  3*66  4.81  0.74 
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Month.                    ToUlMlid*.      Pat     SoUds-not-fat.    Protdbi.      &uwkT.       AA. 
October,  1900 14.46         5.23  9.23  3.73         4-75       0.75 

**        I90» 14.98  5.48  950  3.87  4.89  0.74 

"        average....  14.72  5.36  9.36  3.80  4.82  0.74 

November,  1900 14.78  5.35  9.43  3.82  4.86  0.75 

**          1901 14.81  5.32  9.49  3.87  4.86  0.76 

"          average..  14.80  5.34  9.46  3.84  4.86  0.76 

December,  1900  .     . .  14.52  5.20  9.32  3.77  4.79  0.76 

1901 14.77  5.34  9.43  3.8s  4.81  0.77 

"          average..  14.65  5.27  9.38  3.81  4.80  0.77 

General  average 14.71  5.26  9.25  3.66  4.84  0.75 

During  the  time  covered  by  these  analyses  there  was  no  change 
in  the  system  of  feeding  or  management  and  samples  were  not 
taken  during  or  immediately  after  very  sudden  changes  in  the 
weather.  The  large  size  of  the  herd  and  its  divisions  into  separate 
groups  would  mmimize  any  variations  which  might  be  due  to 
individual  peculiarities  or  accidental  causes,  and  as  there  were  few 
changes  in  the  herd  and  the  number  of  fresh  cows  did  not  fluctuate 
very  greatly  from  month  to  month,  it  seems  safe  to  conclude  that 
the  differences  shown  by  the  monthly  averages  are  due  to  influ- 
ences very  closely  connected  with  the  season  and  that  they  may  be 
called  seasonal  variations. 

The  diagram  on  the  opposite  page  is  designed  to  show  the 
variations  here  found,  together  with  those  previously  reported  by 
Richmond^  and  by  Van  Slyke.* 

In  the  diagram  the  results  above  given  are  represented  by  solid, 
those  of  Richmond  by  broken,  and  those  of  Van  Slyke  by  dotted 
lines.  Richmond  determined  only  fat  and  solids-not-fat.  Van 
Slyke's  analyses,  while  including  the  determination  of  protein, 
were  made  primarily  for  another  purpose  and  cover  only  a  part  of 
the  year. 

Richmond's  results  for  fat  and  for  solids-not-fat  run  nearly 
parallel.  As  regards  solids-not-fat  the  writer's  results  are  prac- 
tically parallel  with  those  of  Richmond.  On  fat,  our  results  arc 
simitar  to  those  of  Richmond  but  show  less  decrease  in  mid- 
summer. This  is  probably  due  to  the  fact  that  the  herd  here 
studied  was  managed  with  special  reference  to  the  production  of 
milk  of  uniformly  high  fat  content.    The  milk  of  this  herd  was 

1  **  Dairy  Chemistry,**  p.  128  (Afternoon  milk  for  1896).  Richmond's  more  recent  tnnl- 
yses  show  monthly  vsristions  of  the  same  character. 

<  Averages  of  data  obUined  by  analysis  of  milk  delivered  to  cerUin  cheese  factories 
during  the  summers  of  x893-*94,  summarised  in  the  report  of  the  New  York  State  Experi- 
ment SUtkm  for  1894. 
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richer  during  the  second  summer  than  during  the  first.  The  re- 
sults for  the  first  twelve  months  would  be  found  nearly  parallel 
to  Richmond's. 


JuuRi  M^  ^^  M»  T^JJ9Jsi9^  StM^Ott /l^y^,  Bu. 


Van  Slyke's  results  show  a  greater  rise  in  both  fat  and  solids- 
not-fat  in  the  autumn,  but  this  is  explained  by  the  fact  that  most 
of  the  cows  in  the  herds  observed  by  him  had  calved  in  the  spring, 
so  that  in  passing  from  summer  to  autumn  we  find  the  combined 
effects  of  season  and  of  advancing  lactation. 

Considering  the  circumstances  just  mentioned,  the  three  sets  of 
curves  show  a  very  close  agreement  and  in  each  case  there  is  a 
very  evident  tendency  for  the  fat  and  solids-not-fat  to  rise  and 
&11  nearly  together. 
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Passing  to  the  other  curves  we  find  the  sugar-and-ash  percent* 
ages^  to  be  nearly  uniform,  the  extreme  variation  between  monthly 
averages  being  only  about  o.i  per  cent,  while  the  protein  runs 
parallel  with  the  solids-not-fat.  In  other  words,  the  seasonal 
variations  in  solids-not-fat  are  practically  variations  in  protdn^ 
the  percentage  of  sugar  and  ash  remaining  nearly  uniform 
throughout  the  year. 

COMPOSITION  OP  SPECIAL  SAMPLES. 

During  the  time  covered  by  the  monthly  analyses  recorded 
above  several  samples  of  milk  from  individual  cows  or  from  cer- 
tain groups  of  cows  in  the  herd  were  analyzed.  For  convenience, 
most  of  the  samples  from  individual  cows  can  be  grouped  in  two 
classes. 

Some  Unusually  Rich  Samples. — ^These  samples  were  taken  at 
random  from  among  many  of  similar  richness.  Table  II  shows 
the  composition  of  these  samples  and,  where  ascertained,  the 
daily  yield  of  milk,  and  the  number  of  months  since  the  last  calf. 

Tablb  II.— Composition  op  Somb  Unusually  Rich  Samples. 


No. 

Months 

dnce 

last  calf. 

Milk 

ToUl 

■olids. 

Per  cent. 

Pat. 
Per  cent. 

Solids- 
notfat. 
Per  cent. 

Protein 

(NX  6  as). 
Per  cent. 

Milk. 

ragar. 

Percent. 

Ask. 
Per  ecu 

.. 

•  • 

19.88 

8.96 

10.92 

5.11 

4.95 

0.86 

10 

9X 

19.21 

8.94 

10.27 

4.92 

4.55 

a.80 

10 

4M 

18.99 

8.83 

10.16 

4.38 

4.97 

0.8t 

"nearly  dry" 

18.74 

8.14 

10.60 

4.81 

4.94 

0.85 

7 

9 

18.44 

7.84 

10.60 

4.91 

4.91 

0.78 

•  • 

12 

18.24 

7.72 

10.52 

4.87 

4.87 

0.78 

^H 

21 

17.81 

8.04 

9.77 

3.97 

4.96 

0.84 

12 

6 

17.70 

7.42 

10.28 

4.80 

4.66 

0.82 

9 

ii>i 

17.70 

7.07 

10.63 

4.96 

4.84 

0.83 

10 

10 

.. 

17.28 

7.05 

10.23 

480 

4.61 

0.82 

11 

•  • 

10 

1683 

6.98 

9.85 

4.59 

4.45 

o.di 

12 

3X 

14 

i6.8[ 

6.6[ 

10.20 

4.51 

4.84 

0.85 

13 

9 

8>i 

16.73 

7.34 

939 

4.23 

4.31 

0.8s 

Average 

1803 

7.76 

10.27 

4.68 

4.76 

0.83 

It  will  be  noticed  that  richness  in  fat  is  accompanied  in  each  of 
these  cases  by  richness  in  solids-not-fat,  while  four  of  the  thirteen 
samples  equal  or  exceed  in  solids-not-fat  the  fif^re  f^ven  by 
Richmond*  as  the  highest  which  had  come  under  his  notice.    This 

'*■  Tke  writer's  results  for  sugar  and  ash  are  here  combined  in  order  to  facilitate  com- 
parison with  those  of  Van  Slyke.  A  small  variation  in  ash  following  that  in  protein  will 
be  noted  later. 

*  **  Dairy  Cbcmiatry/'  1899.  p.  iso. 
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increase  in  solids-not-fat  occurs  almost  entirely  in  the  proteids, 
which  average  about  i  per  cent,  higher  in  this  group  of  samples 
than  in  the  mixed  milk  of  the  entire  herd.  In  most  cases  the  cows 
were  well  advanced  in  lactation  and  the  yield  of  milk  was  rather 
small.  Seven  of  the  samples  were  from  pure-bred  Jersey  cows 
and  six  from  Jersey-grades. 

Samples  Law  in  Solids-not-fai. — The  six  samples  shown  in 
Table  III  were  all  from  healthy  cows.  The  first  five  were  ob- 
tained during  the  hot  weather  of  August,  1901.  The  sixth  was 
from  the  same  cow  as  the  fifth,  but  was  taken  three  months  liater. 
This  is  the  only  case  in  any  of  the  tables  where  two.  samples  from 
the  same  cow  are  g^ven.  While  these  samples  vary  considerably 
in  fat  conten  ,  they  are  alike  in  containing  low  percentages  of 
solids-not-fat. 

Tablb  III.— Samples  Low  in  Solids-Not-Fat. 


No. 

Mon  ha 
■ince 

last  calf. 

Milk 
ranndii. 

ToUl 

solids. 

Per  cent. 

Fst 
Per  cent. 

Solids 
aoc-fst 
Per  cent. 

Protein 

(Nx6.as). 
Percent 

Milk. 

sugar. 

Per  cent. 

Ash. 
Percent. 

6 

io« 

14.29 

6.09 

8.20 

366 

3.78 

0.76 

9H 

II 

11.97 

3.71 

8.26 

3.55 

4.00 

0.71 

2 

26« 

10.83 

2.64 

8.19 

2.86 

458 

0.75 

9 

7 

10.65 

3.27 

7.38 

3.24 

3.43 

0.71 

7 

8 

11.77 

4.69 

7.08 

3.57 

/.81 

0.70 

TO 

6^ 

9.66 

2.97 

6.69 

3.17 

2.86 

0.66 

Averft|5C 

•     "53 

3.95 

7.63 

3.34 

3-59 

0.71 

The  percentages  of  proteids  are  here  somewhat  lower  than  in 
Table  I,  but  are  not  low  in  proportion  to  the  fat  present.  Aver- 
aging the  six  analyses  it  happens  that  the  fat  percentage  is  prac- 
tically that  which  has  been  found  as  the  general  average  for 
ordinary  cows'  milk.  It  is  noticeable  that  the  averages  for  pro- 
tein and  ash  are  also  strikingly  close  to  the  estimated  general 
averages,  while  the  sugar  is  here  considerably  below  the  normal 
average.  In  other  words,  the  deficiency  of  solids-not-fat  is  all  in 
the  milk-sugar.  This  is  in  accordance  with  Richmond's  opinion^ 
that  "when  genuine  samples  are  low  in  solids-not-fat,  the  proteids 
and  ash  are  normal  and  the  milk-sugar  is  the  constituent  on 
which  the  deficiency  falls." 

RELATIONS  BETWEEN  THE  PRINCIPAL  CONSTITUENTS. 

Relation  of  Protein  to  Fat. — Timpe*  announced  in  1899,  appar- 

*  Thi  AutUfsU  9S>  S96. 

*  Ckem.  Ztg.^  aa,  1040. 
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ently  on  the  basis  of  less  than  thirty  analyses,  that  there  exists  a 
definite  quantitative  relation  between  the  percentages  of  fat  and 
proteids  in  cows'  milk  which  may  be  expressed  by  the  formula 
proteids  =  2  +  0.35  fat.  A  similar  conclusion,  though  differ- 
ently expressed,  had  been  reached  by  Cooke*  some  years  earlier  as 
the  result  of  an  extensive  compilation  of  American  analyses. 
Cooke  found  that  in  milks  containing  not  less  than  13  per  cent,  of 
total  solids,  the  milk-sugar  is  nearly  constant  while  "the  proteids 
increase  with  the  total  solids,  being  always  about  one-fourth/' 
Since  the  other  three-fourths  of  the  increase  is  practically  all  fat 
it  is  evident  that  this  relation  might  be  expressed  by  a  formula 
almost  identical  with  that  of  Timpe.  The  work  of  the  latter  was, 
however,  strongly  criticized  by  Richmond,^  who  gives  the  average 
results  of  analyses  of  about  fifty  samples  grouped  according  to 
fat  content  and  concludes  that  while  there  is  a  tendency  for  the 
proteids  to  be  higher  when  the  fat  is  high,  this  tendency  is  very 
much  less  than  that  indicated  by  Timpe's  formula.  Comparing 
the  average  results  found  by  Woll'  in  testing  cows  of  different 
breeds,  it  appears  that  he  failed  to  find  the  differences  in  protein 
quite  as  large  in  proportion  to  the  differences  in  fat  as  the  formula 
would  indicate. 

Applying  to  the  analyses  given  above  the  formula  which  ex- 
presses the  conclusion  reached  by  Cooke  (protein  =  2  +  ^/3  fat) 
we  find  that  with  samples  from  individual  cows  there  may  be  con- 
siderable discrepancies,  but  if  we  take  the  average  milk  of  the 
herd  for  the  year  or  the  average  of  Table  II  or  of  Table  III,  the 
figure  for  protein  given  by  the  formula  is  within  o.i  per  cent,  of 
the  amount  actually  found.  To  test  this  point  further  the  follow- 
ing samples  were  analyzed :  ( i )  a  composite  sample  of  the  milk 
of  14  cows  taken  at  random  from  among  those  low  in  fat,  (2) 
the  mixed  milk  from  a  group  of  about  100  cows  which  had  been 
regularly  found  below  the  average  of  the  herd  in  fat  content,  (3) 
the  mixed  milk  from  a  group  of  about  100  cows  of  which  a  large 
proportion  were  well  advanced  in  lactation,  and  (4)  a  sample  of 
the  mixed  milk  of  the  entire  herd  taken  in  May,  1902,  when  fresh 
pasture  and  a  change  in  the  grain  ration  had  produced  a  tempo- 
rary rise  in  fat  content.    The  analyses  of  these  samples  follow : 

>  Vermont  Bxperiment  Station  Report  for  1890,  p.  97. 

<  TheAnafysL  9S«  aaS' 

*  WiBcontin  Bxperiment  Station  Report  for  1901,  p.  85. 
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No. 

Total  wlids. 
Per  cent. 

Fat. 
Percent. 

Protein. 
Percent. 

Mi1k.4ugar. 
Per  cent. 

Ash. 
Per  cent. 

1 

12.78 

3.91 

3.25 

4.92 

0.69 

2 

14.34 

5.07 

3.64 

4.89 

0.74 

3 

15-39 

5.67 

4.03 

4.87 

0.82 

4 

15.05 

5.76 

3.77 

4.75 

0.77 

In  each  of  the  first  two  samples  the  percentage  of  protein  is 
within  0.05  per  cent,  of  that  which  would  be  calculated  from  the 
formula.  In  (3),  where  the  richness  of  the  milk  was  due  chiefly 
to  advanced  lactation,  the  increase  in  protein  is  more  than  one- 
third  of  the  increase  in  fat,  while  in  (4),  where  the  fat  content 
was  temporarily  increased  by  a  change  of  food,  the  increase  in 
protein  is  less  than  one-third  as  great. 

The  data  at  present  available  indicate  that  aside  from  the 
seasonal  variation  already  noticed,  the  percentages  of  fat  and  pro- 
tein tend  to  rise  and  fall  together,  though  not  to  the  same  extent, 
that  the  average  relation  between  the  two  is  approximately  ex- 
pressed by  the  formula,  protein  =  2  +  Va  fat,  but  that  the  pro- 
tein often  shows  less  variation  from  the  average  than  this  formula 
would  imply. 

Relation  of  Ash  to  Protein. — According  to  Richmond^  the  per- 
centage of  ash  may  be  deduced  with  fair  accuracy  from  that  of 
protein  by  the  formula,  ash  =  0.36  -}-  o.ii  protein.  Most  of  the 
analyses  given  in  this  paper  had  been  made  and  the  tendency  of 
the  ash  to  vary  with  the  protein  had  been  noticed  when  the  above 
formula  was  published.  On  applying  it  to  our  results,  we  find  a 
very  close  agreement  between  the  percentages  of  ash  calculated 
and  those  actually  found.  The  discrepancies  were  as  follows: 
(i)  In  24  samples  of  the  mixed  milk  of  the  herd,  from  +  0.05  to 
—  o.oi,  average  -f  0.015  per  cent;  (2)  In  7  samples  of  mixed 
milk  from  groups  of  6  to  100  cows,  from  +  0,0$  to  —  0.02,  aver- 
age +  0.021 ;  (3)  In  23  samples  of  milk  from  individual  cows, 
four  of  which  contained  over  5  per  cent,  of  protein,  from  +  0.12 
to  —  0.08,  average  -|-  0.033.  I^  Ae  formula  be  modified  to  read 
ash  =  0.38  +  Vio  protein,  an  even  better  agreement  is  obtained, 
the  above  discrepancies  becoming,  respectively,  (i)  from  -f-  0.03 
to  —  0.02,  average  +  0.001 ;  (2)  from  -j-  0.02  to  —  0.04,  average 
0.000;   (3)  from  -f-  0.09  to  — 0.08,  average  -f  o.oio. 

Relation  of  Milk-Sugar  to  Other  Constituents. — The  analyses 
do  not  indicate  that  the  milk-sugar  has  any  tendency  to  rise  and 

1  77k«  Analysis  a6,  310. 
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fall  with  any  other  constituent.  In  normal  milk  the  percentage  of 
sugar  in  the  serum  seems  to  be  very  nearly  constant.  Certainly 
it  shows  smaller  relative  variations  than  any  other  of  the  principal 
constituents  and  such  variations  as  occur  are  usually  so  irregular 
as  to  appear  accidental.  Analytical  errors  also  would  be  larger 
here  than  elsewhere,  inasmuch  as  the  milk-sugar  is  usually  esti- 
mated by  difference.  In  milk  showing  an  unusually  low  per- 
centage of  solids-not-fat,  the  deficiency  is  found  to  be  principally 
in  the  milk-sugar.  Such  milk  may  be  yielded  by  healthy  cows 
and  is  most  commonly  but  not  exclusively  found  in  hot,  dry 
weather.  Ck:casionally  there  may  be  in  midsummer  a  sufficient 
number  of  such  cases  to  cause  an  appreciable  lowering  in  the 
sugar  content  of  the  mixed  milk  of  a  large  herd,  but  ordinarily 
there  seems  to  be  no  seasonal  variation  in  the  percentage  of  milk- 
sugar  such  as  is  found  in  the  case  of  fat,  of  protein,  and  to  some 
extent  also  of  ash. 

SUMMARY. 

As  all  of  the  samples  analyzed  were  from  one  herd  of  cattle, 
the  following  statements,  while  summarizing  the  results  which  we 
have  obtained,  may  not  be  equally  applicable  to  milk  produced 
under  other  conditions. 

Monthly  analyses  extending  over  two  years  showed  the  per- 
centage of  protein,  like  that  of  fat,  to  vary  with  the  season,  being 
higher  in  fall  and  winter  than  in  spring  and  summer,  while  the 
percentage  of  milk-sugar  remained  nearly  constant  throughout 
the  year. 

In  general,  a  milk  rich  in  fat  will  also  be  rich  in  protein.  In 
these  analyses  the  excess  of  protein  above  the  normal  averaged 
about  one-third  as  much  as  the  excess  of  fat. 

All  of  the  results  obtained  accord  with  the  conclusion  recently 
reached  by  Richmond  that  any  deficiency  of  solids-not-fat  is 
chiefly  due  to  a  deficiency  in  the  milk-sugar,  while  any  excess 
above  9  per  cent,  is  chiefly  due  to  an  excess  of  protein. 

In  practically  all  of  the  samples  examined  the  relation  between 
protein  and  ash  was  very  nearly  that  found  by  Richmond  and 
expressed  by  the  formula,  ash  =  0.36+  o.ii  protein.  To  agree 
more  exactly  with  our  averages,  the  formula  may  be  modified  to 
read  ash  =  0.38  -|-  Vio  protein. 

N»w  York  City, 
September,  1903. 
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The  turnpike  roads  in  the  vicinity  of  Lexington^  Kentucky, 
are  built  of  the  only  stone  which  is  conveniently  within  reach, 
namely :  the  limestone  of  the  upper  and  middle  beds  of  the  Tren- 
ton formation.  The  character  of  the  beds  of  this  limestone  is 
quite  different  at  different  levels,  and  it  is  common  experience 
that  the  so-called  "blue"  layers  are  less  valuable  for  any  exposed 
construction  than  the  "gray"  because  of  their  more  rapid  dis- 
int^^tion  on  exposure  to  atmospheric  influences.  Some  beds 
which,  when  recently  quarried,  appear  of  fairly  good  quality  are 
penetrated  by  thin  layers  of  the  blue  material  which  disint^jate 
rapidly  by  weathering,  causing  the  stone  to  separate  into  laminae 
of  varying  thickness.  According  to  the  writer's  observation,  the 
blue  material  is  of  two  varieties ;  it  may  be  quite  shaly  and  moder- 
ately phosphatic  or  very  phosphatic  and  not  especially  clayey,  but 
it  invariably  contains  easily  soluble  ferrous  compounds  and  a 
small  but  very  notable  amount  of  organic  matter  which  makes  its 
presence  known  when  the  material  is  dissolved  in  dilute  acids  by 
the  odor  of  petroleum  imparted  to  the  escaping  gas  and  by  the 
brown  scum  floating  upon  the  liquid.  The  writer  believes  that 
the  peculiar  color  of  the  socalled  "blue"  limestone  is  largely  de- 
termined by  the  presence  of  a  ferrous  phosphate.  He  is  of  the 
opinicm,  also,  that  the  rapid  weathering  down  of  blue  material  is 
due  to  the  presence  in  it  of  easily  oxidizing  substances,  such  as 
ferrous  compounds  and  organic  matter,  the  oxidation  of  which  is 
greatly  favored  by  the  greater  porosity  of  this  material,  as  com- 
pared with  the  gray  limestone.  The  porosity  of  these  blue  lime- 
stiMies  appears  to  increase  with  increasing  amounts  of  phosphates 
and  may  in  reality  be  dependent  upon  the  presence  of  the  minute 
spiral  shell,  cyclora  minuta  which,  as  has  been  shown  by  the 
writer  and.  Professor  A.  M.  Miller,*  carries  the  phosphate.  When 
this  shell  is  present  in  very  large  numbers  it  gives  to  the  rock  a 
structure  somewhat  resembling  that  of  chalk,  though  more  com- 
pact. These  soft  limestones,  and  especially  the  shaly  kind  con- 
taining clay,  also  contain  some  finely  granular  pyrite  which,  by  its 
oxidation,  undoubtedly  promotes  disintegration. 

1  Read  before  the  CindtiiiAti  Section  of  the  American  Chemical  Society,  October  8^  1903. 
s  Sishth  AnnuAl  Report  Kentucky  Agricultural  Bzperiment  Station,  p.  as. 
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For  the  general  character  of  the  Trenton  limestones  of  Central 
Kentucky  reference  is  here  made  to  Report  A  of  the  Kentucky 
Geological  Survey,  Vol.  2,  pages  123-4.  In  the  analyses  there 
published  of  18  samples  of  limestone  from  Trenton  group  in 
Bourbon,  Clark,  Fayette,  Franklin,  Madison,  Mercer  and  Wood- 
ford counties,  Kentucky,  by  Dr.  Robert  Peter,  the  silica  and 
silicates  insoluble  in  hydrochloric  acid  of  1.15  sp.  gr.  vary  from 
1.88  to  14.18  per  cent.,  the  average  being  5.36  per  cent,  and  the 
phosphoric  acid  ranges  from  0.118  to  0.860,  the  average  being 
0.434  per  cent.  Later  analyses  by  Dr.  Robert  Peter  showed  much 
-higher  percentages  of  phosphates  in  certain  specimens. 

If  the  writer's  view  of  the  causes  of  disintegration  of  these  rocks 
is  correct,  a  very  good  index  of  the  relative  stability  of  different 
samples  could  be  obtained  by  measuring  their  relative  amounts  of 
easily  oxidizable  matters,  phosphoric  acid  and  clay  or  insoluble 
matters. 

THE  METHOD  OF  ANALYSIS. 

The  writer  proposes,  therefore,  to  dissolve  the  limestone  in 
dilute  sulphuric  acid  in  the  presence  of  a  known  amount  of  potas^ 
Slum  permanganate  and  determine  how  much  permanganate  has 
been  reduced  during  that  process,  after  which  the  solution  is  to 
be  used  for  the  determination  of  phosphoric  acid  by  a  rapid  volu- 
metric method,  and  the  insoluble  residue,  for  the  determination  of 
the  insoluble  matter  and  clay. 

Determination  of  Oxidizable  Matters. — The  method  was  actu- 
ally carried  out  as  follows :  i-gram  portions  of  the  finely  powdered 
samples,  previously  dried  at  100  C.,  were  weighed  into  250  cc. 
Erlenmeyer  flasks,  and  25  cc.  of  N/io  potassium  pentianganate 
solution  measured  into  each  and  shaken  until  the  powder  was 
moistened;  100  cc.  of  a  10  per  cent,  sulphuric  acid  (no  cc 
HjS04  of  1.84  sp.  gr.  -f  1800  cc.  of  water)  was  then  added  and 
the  flasks  again  shaken.  If  the  color  of  the  permanganate  ap- 
peared to  be  nearly  all  discharged,  as  happened  in  some  of  the 
limestones  examined,  a  second  25  cc.  of  permanganate  solution 
was  added  at  once.  Two  other  flasks  were  charged  with  the 
same  amounts  of  permanganate  and  sulphuric  acid  to  serve  as 
checks,  upon  the  decomposition  of  the  permanganate  due  to  heat 
and  acid  alone.    All  the  flasks  were  immediately  placed  upon  a 
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boiling  water-bath  and  allowed  to  remain  there  for  half  an 
hour,  with  occasional  shaking,  after  which  30  cc.  of  l*^io  oxalic 
acid  was  run  into  each,  or  more,  if  necessary,  and  the  flasks 
allowed  to  remain  on  the  bath  a  few  minutes  longer,  until  the 
brown  manganic  compounds  had  entirely. disappeared.  It  is  well 
to  adjust  the  quantity  of  oxalic  acid  added,  so  that  there  will  be  at 
least  8  or  10  cc.  in  excess  of  what  is  actually  oxidized,  as  other- 
wise the  disappearance  of  the  manganic  compounds  will  be  slow. 
Where  25  cc.  of  permanganate  had  been  used,  30  cc.  of  oxalic  acid 
were  enough,  if  the  reduction  by  the  limestone  had  been  con- 
siderable, but  not  if  this  had  been  only  slight.  The  flasks  were 
then  removed  from  the  bath  and  the  excess  of  oxalic  acid  titrated 
back  with  permanganate  solution.  The  amount  of  permanganate 
reduced  by  the  easily  oxidizable  matters  in  the  limestone  was  thus 
ascertained,  due  allowance  having  been  made  in  each  case  for  the 
amount  reduced  in  the  control  experiments. 

The  presence  of  pyrite  in  these  limestones  has  already  been 
mentioned  and  it  was  observed  in  several  of  the  samples,  after  the 
acid  had  been  poured  on.  After  the  titrations  were  finished,  the 
residues  were,  in  every  instance,  examined  by  means  of  a  lens, 
before  filtering,  but  in  no  case  was  any  pyrite  apparent.  It  is  be- 
lieved that  it  was  completely  oxidized.  A  qualitative  test  with 
finely  powdered  pyrite  showed  that  it  reduced  the  acid  perman- 
ganate solution  rapidly,  even  in  the  cold,  but  in  a  quantitative 
experiment  with  0.02  gram  of  pyrite,  50  cc.  of  permanganate  and 
100  cc.  of  10  per  cent,  of  sulphuric  acid,  only  about  two-thirds 
were  oxidized,  probably  because  the  mineral  was  not  ground 
sufficiently  fine. 

The  writer  proposed  to  make  a  separate  determination  of  the 
pyrite  in  these  limestones  by  a  rapid  method  based  upon  the  re- 
action observed  by  A.  RoUet*  but  time  did  not  permit. 

To  ascertain  whether  one-half  hour  digestion  with  the  sul- 
phuric acid  and  permanganate  was  long  enough  to  obtain  the 
whole  reducing  effect  of  the  samples,  a  set  of  duplicates  was  made 
upon  six  of  the  samples,  digesting  them  one-half  and  one  hour 
respectively.  The  results  w^t-e  substantially  the  same,  as  shown 
below. 

Cubic  centimeters  permanganate  solution  reduced  by  i  gram  of 
sample  (i  cc.  permanganate  =0.00078  gram  available  oxygen). 

1  Ref.  la  Am.  Oum.J,  a,  6910  Dingler's /o/y./-.  333,  ia4. 
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Blank.        i.  a.  3.  4-  5-  6* 

X  honr  digestion.     1.95      3.85      2.45      29.85      11.65      6.45      6.ps     2^$ 
>i  honr  dii^estioti    i.i        3.1        2.1        28.2        10.7        5.6       5.4       1.3 

Grou  difference.  0.85  0.75  0.35  0.65  0.95  0.85  0.65  o,qs 
As  the  average  increase  of  decomposition  in  the  blank  experi- 
ments is  0.9  cc,  it  is  evident,  therefore,  that  the  oxidaticxi  was 
complete  in  half  an  hour.  Indeed  it  is  probable  that  the  reaction 
is  practically  complete  in  the  cold,  or  that  heating  for  a  shorter 
time  than  one-half  hour  would  suffice,  but  no  experiments  were 
made  to  test  this  supposition.  It  is  noteworthy  that,  when  the 
acid  is  poured  upon  the  limestone,  in  the  presence  of  permanga- 
nate, the  petroleum-like  odor  is  very  slight  and  there  is  no  floating 
carbonaceous  matter  observable,  whereas,  with  the  acid  alone, 
these  are  both  very  evident,  as  already  mentioned. 

Determination  of  Insoluble  Matter  and  Clay. — After  the  titra- 
tion, a  drop  or  two  more  of  oxklic  acid  was  added  to  remove 
traces  of  permanganate,  and  lo  to  15  cc.  of  hydrochloric  acid  of 
reagent  strength  (ao  per  cent)  to  retard  crystallization  of  caldum 
sulphate,  and  the  solutions  filtered  from  the  residues  as  quickly  as 
possible.  It  was  difficult  to  obtain  a  perfectly  clear  filtrate  witii- 
out  too  much  waste  of  time,  so  a  slight  opalescence  of  the  liquid 
from  suspended  clay  was  disregarded  in  most  cases.  The  resi- 
dues were  washed,  first  with  a  little  warm,  dilute  hydrochloric 
acid,  finally  with  water,  burned  and  weighed  as  total  insoluble 
residue.  A  comparison  of  the  amounts  of  insoluble  residue  ob- 
tained in  the  half-hour  and  one-hour  digestion  already  described, 
shows  only  a  very  slight  decrease  by  the  longer  digestion. 

Pbr  Cent,  op  Insolubz.b  Matter. 
I. 
}i  hour  digestion ....  2.94 
I      "  *•        ....  2.88 

Difference 0.06  —0.03     (  1.67)     o.  17     0.04     o.oi 

Average 2.91      1.46     (17-92)     8.14     2.27     2.43 

Some  of  the  residue  from  the  pne-hour  digestion  of  No.  3  was 
accidentally  lost  before  weighing,  so  that  the  difference  in  this 
case  is  not  really  as  great  as  it  appears. 

In  order  to  separate  the  sand  and  clay,  the  residue  obtained 
from  a  duplicate  determination  of  the  easily  oxidizable  matter 
was  transferred,  together  with  the  filter,  without  burning,  to  a 
platinum  dish  of  about  100  cc.  capacity,  and  gently  boiled  with  10 
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cc.  of  concentrated  sulphuric  acid  for  several  hours,  the  dish  being 
covered  with  a  watch-glass  during  the  operation.  A  small  amount 
of  potassium  nitrate  was  added  to  hasten  the  oxidation  of  the 
filter-paper.  After  cooling,  about  50  cc.  of  water  were  added  and 
the  contents  of  the  dish  boiled  a  few  minutes,  allowed  to  settle, 
and  filtered,  leaving  as  much  of  the  residue  as  possible  in  the  dish. 

After  washing  this  residue,  it  was  boiled  with  three  successive 
portions  of  a  saturated  solution  of  sodium  carbonate  to  separate 
soluble  silica,  thoroughly  washed,  burned  and  weighed.  This 
weight  was  designated  sand  and  the  difference  between  this  and 
the  total  insoluble  residue  previously  determined  was  considered 
clay.  Qualitative  tests  of  some  of  these  residues  showed  that 
they  were  not  pure  quartz  sand,  but  still  contained  silicates,  prob- 
ably feldspathic  in  character,  as  a  very  notable  amount  of  potas- 
sium was  present. 

Determination  of  Phosphoric  Acid. — The  phosphoric  acid  was 
determined  by  A.  L.  Emery's  nKxlification  of  the  volumetric 
method  of  the  Association  of  Official  Agricialtural  Chemists.* 
For  this  purpose,  half  of  the  solution  obtained  by  dissolving  the 
limestone  in  the  sulphuric  acid  permanganate  was  used.  When 
it  is  not  desired  to  weigh  the  insoluble  matter,  this  solution  may  be 
used  without  filtering.  An  independent  determination  of  phos- 
phoric acid  was  made  for  comparison  upon  the  first  six  samples  by 
the  same  volumetric  method,  using  the  solution  obtained  by  dis- 
solving 0.5  gram  of  the  sample  in  nitric  acid.  The  results  are 
given  below  and  show  a  reasonable  agreement  between  the  two 
methods. 

Per  Cbnt.  op  Phosphoric  Acid. 

I.           a.           3.  4.           5-  6. 

Solution  in  H,S04  and  K,Mn,08  . .     '-^      ^-^^      ^-42  i-9^  ^-^  ^-^ 

**       **  HNOs 1.02      0.14      2.32  1.80  0.54  0.48 

Difference —0.02      0.04      o.io      0.18      0.06      0.14 

Average i.oi      0.16      2.37      1.89      0.57      0.55 

The  molybdic  precipitates  obtained  from  the  sulphuric  acid 
solutions  were  easier  to  filter  and  wash  than  those  from  the  nitric 
add  solution,  the  latter  showing  a  great  tendency  to  run  through 
the  filters. 

DESCRIPTION   OF  THE  SAMPLES. 

In  this  investigation  18  samples  of  limestone  were  analyzed, 
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collected  by  the  writer  from  stone  in  use  t^x>n  roads  near  Lexing- 
ton or  from  quarries  which  had  been  worked  for  such  stone.  The 
samples  were  chosen  especially  with  reference  to  presenting  the 
best,  the  worst  and  about  the  average  quality  of  the  material  now 
actually  in  use  for  road  construction  in  this  locality.  They  may 
be  described  briefly  as  follows : 

No.  I.  Gray,  crystalline,  fossiliferous  limestone;  very  hard; 
.  broken  from  an  eight-inch  ledge  which  appeared  to  have  resisted 
the  weather.    From  an  old  quarry  on  the  Nicholasville  road. 

No.  2.  Hard,  gray,  crystalline  stone  selected  from  a  pile  of 
broken  stone  on  the  roadside,  Nicholasville  road. 

No.  3.  Blue,  slaty,  soft  stone,  selected  from  the  same  pile  as 
No.  2.  It  was  already  disintegrating,  although  it  had  only  been 
exposed  a  few  months. 

No.  4.  Blue  limest<»ie  from  the  roadside ;  not  as  shaly  as  No. 
3,  but  weathering  in  places  to  a  soft  pinkish  material. 

No.  5.  Hard,  gray,  compact  stone,  selected  from  the  road  now 
in  process  of  construction  at  the  Lexington  Fair  Grounds.  The 
superintendent  of  the  G>nstruction  Company  considers  this  the 
best  stone  for  the  purpose  he  has  used  about  Lexington. 

No.  6.  Average  of  small  pieces  taken  from  the  same  road  as 
No.  5. 

No.  7.  Hard,  gray,  crystalline  stone,  selected  from  a  pile  by- 
the  roadside  on  the  Tates  Creek  pike. 

No.  8.  Thin,  blue,  slaty  piece  from  the  same  pile  as  No.  7. 

No.  9.  Another  slaty,  blue  piece  from  the  same  pile. 

No.  10.  Compact,  hard,  gray  stone  selected  from  the  roadbed 
near  the  same  place  as  No.  7. 

No.  II.  Average  from  the  same  place  as  the  preceding,  ob- 
tained by  taking  small  pieces  from  the  surface  of  the  road  where 
it  had  been  exposed  by  washing ;  mostly  blue  limestone. 

No.  12.  Average  of  small  pieces  taken  from  a  pile  of  crushed 
rock  by  the  roadside  on  the  Bryan's  Station  pike.  The  superin- 
tendent of  the  Construction  Company  states  that  the  stone  used 
on  this  pike  is  the  worst  he  has  met  with  about  Lexington. 

No.  13.  Representative  sample  of  the  thin,  soft,  blue  layers  in 
the  quarry  on  the  Bryan's  Station  pike. 

No.  14.  Representative  pieces  from  the  thicker,  soft,  blue  layers 
in  the  same  quarry. 
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No.  15.  Selected  piece  of  the  harder  blue  layers  in  the  same 
quarry. 

No.  16.  Nearly  white,  very  hard,  concretionary  masses  occurring 
in  the  soft,  blue  layers  in  the  same  quarry. 

No.  17.  Thin,  slaty  layers  from  the  same  quarry.  Disintegrate 
very  rapidly. 

No.  18.  Selected  piece  from  the  hard  layers  in  the  upper  part 
of  the  same  quarry,  which  seem  to  have  resisted  weathering. 

RESULTS. 

The  results  of  the  analyses  were  as  follows,  calculated  as  per 
cent,  of  the  samples  dried  at  lOo''  C. 


Onyscu 

MVUBDCf.    OOBMIBIM* 


Tough,  hard,  compact 


weathering, 
moatly  gray. 


I 

a 

5 
6 

7 
10 

15 
16 
18 


0.143 
0.048 

0.341 
0.318 
0.137 
0.133 
o.ao7 

0.160 


PfOi. 
T.OX 

0.16 

0.57 
0.55 
0.18 
o.aa 
0.98 
o.ao 
0.47 


a.36 

1.34 
1.63 
1.76 


Clay. 
0.65 
0.13 
0.64 
0.66 


ToUlia- 
•olnble. 

a.91 
1.47 

a.  37 
a.4a 

1.33 
1.50 
0.88 
4.15 
1.44 


Avenge, 

0.165 

0.48 

X.75 

0.5a 

a.04 

Highest, 

0.341 

I.OI 

a.a6 

0.66 

4.X5 

I/iwcst, 

0.048 

0.16 

I'M 

0.13 

0.88 

3 

a.iao 

a.37 

7.73 

10.19 

17.92 

4 

0.743 

1.89 

6.23 

1.91 

8.X4 

8 

0.95a 

1.90 

17.43 

7.64 

25.07 

9 

0.948 

1.68 

17.42 

8.a4 

a5.66 

11 

0.666 

0.96 

4.20 

4.08 

8.a8 

1 

la 

0.843 

4.6a 

... 

... 

2.59 

13 

0.710 

6.a4 

... 

... 

a.o6 

M 

1. 139 

9.10 

... 

... 

a.xo 

L17 

2.044 

4.5a 

12.53 

io.a3 

aa.76 

Soft,  porona  or 
ahaly  atone, 
weathering  rapidly, 
mostly  bine. 


Average,  r.ia9  3.70  10.9a  7.05  ia.73 
Highest,  a.iao  9.10  17.43  iaa3  35.66 
Lowest,    0.666         0.96       4.ao        1.91  a.o6 

A  study  of  these  results  shows  that  the  soft,  blue,  rapidly 
weathering  limestones  are  characterized  by  the  presence  of  high 
percentages  of  easily  oxidizable  matter  and  phosphates,  accom- 
panied in  the  shaly  kinds  by  a  high  percentage  of  insoluble  matter 
containing  a  large  proportion  of  clay.    In  three  instances  there  is 
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some  appearance  of  a  deviation  from  this  rule.  Sample  No.  i 
was  selected  as  being  very  hard  and  apparently  resistant  to 
weathering,  nevertheless  it  contains  i  per  cent,  of  phosphoVic 
anhydride,  which  is  more  than  the  average  for  good  limestone. 
However,  the  "oxygen  consumed"  is  not  large.  In  samples  $  and 
6,  taken  from  a  road  in  process  of  construction,  the  material  of 
which  was  considered  very  good,  the  "oxygen  consumed,"  while 
not  excessive,  is  distinctly  larger  than  in  most  of  the  selected  gray 
rock,  and  the  phosphoric  acid  is  over  0.5  per  cent.,  or  slightly 
above  the  average.  However,  the  uniform  character  of  this 
stone  is  shown  by  the  close  agreement  betwen  the  figures  obtained 
from  the  selected  piece,  No.  5,  and  the  average  sample,  No.  6. 
On  this  account  the  favorable  opinion  as  to  its  quality  may  be 
considered  to  have  been  confirmed  by  this  test. 

CONCLUSION. 

The  conclusion  would  seem  justified  that  the  limestone  which 
consumes  much  more.than  0.3  per  cent,  of  oxygen  and  at  the  same 
time  contains  as  much  as  i  per  cent,  of  phosphoric  acid,  more 
especially  if  it  contains  also  several  per  cent,  of  clay,  will  disin- 
tegrate rapidly  upon  exposure  to  air  and  moisture  and  will  be 
undesirable  for  road  building  or  other  exposed  construction. 

While  this  method  of  analysis  has  not  been  tried  upon  other 
rocks  than  the  Trenton  limestone,  it  is  probably  of  much  more 
general  application,  especially  that  part  of  it  which  takes  into 
account  easily  oxidizable  constituents  of  rocks. 

The  writer  is  indebted  to  Mr.  S.  D.  Averitt  of  this  laboratory 
for  assistance  in  the  determinations  of  phosphoric  acid  and  sand 
and  the  weighing  of  the  total  insoluble  matter. 

Kbntuckt  Agricultural  Bxpb&imbnt  Station, 
I«BXiifOTON,  Ky.,  September  jo,  190a. 
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Determinations  of  carbon  dioxide  in  atmospheric  air  or  in 
the  air  of  rooms,  where  results  must  be  obtained  with  a  consider- 
able degree  of  accuracy,  are  usually  made  by  the  well-known 
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Pcttenkofer  method  in  some  form  or  other.  While  this  method 
18  convenient  and  for  a  long  time  has  been  the  favorite,  it  is  now 
quite  generally  recognized  that  it  contains  inherent  sources  of 
error  which  can  be  obviated  only  by  the  use  of  complicated  appa- 
ratus and  extreme  skill  in  manipulation.  That  the  method  can 
be  employed  to  obtain  results  of  the  highest  degree  of  accuracy, 
has  been  shown  by  Letts  and  Blake^  in  an  exhaustive  study  of 
the  question.  The  refinements  found  necessary,  however,  place 
their  modification  out  of  consideration  for  ordinary  use.  A 
method  which  is  comparatively  simple  and  at  the  same  time 
accurate  has  been  proposed  by  Walker.*  This  method  may  be 
briefly  outlined  as  follows: 

To  a  definite  volume  of  air,  usually  i  to  2  liters,  is  added  a 
measured  amount  of  standard  barium  hydroxide,  care  being  taken 
to  avoid  contact  of  the  solution  with  the  air.  After  the  absorption 
of  the  carbon  dioxide,  the  solution  is  filtered  under  reduced  pres- 
sure through  asbestos  and  the  clear  baritun  hydroxide  received 
into  a  known  excess  of  standard  hydrochloric  acid.  The  absorp- 
tion vessel  is  rinsed  out  with  water  free  from  carbon  dioxide.  The 
excess  of  acid  is  then  determined  by  titration  with  barium  hy- 
droxide. 

The  principal  errors  of  the  Pettenkofer  method  in  its  usual 
modifications,  viz,,  contact  of  the  absorbing  solution  with  the 
carbon  dioxide  of  the  air  or  the  exhaled  breath,  action  of  the 
caustic  alkali  on  the  glass  of  the  container,  and  the  presence  of 
small  amounts  of  the  precipitated  barium  carbonate,  are  thus 
avoided. 

The  work  which  has  been  carried  out  has  been  mainly  the  de- 
termination of  most  suitable  conditions,  such  as  the  necessary 
time  for  absorption,  the  most  suitable  filtering  media,  etc.  A 
series  of  tests  on  air  free  from  carbon  dioxide  and  on  mixtures  of 
known  amounts  covering  a  wider  range  than  those  described  by 
Walker,  has  also  been  made.  It  will  be  unnecessary  to  detail  all 
the  preliminary  experimental  work  made  to  acquire  familiarity 
with  the  apparatus  and  facility  in  .manipulation.  Much  work 
which  was  found  later  to  be  of  little  value  will  be  omitted  entirely 
from  the  discussion.    The  analytical  work  has  been  of  necessity 

*  Proc.  Royal  Dublin  Soc.^  9,  107  (1900). 
*y.  CMem,  Soe„  77,  mo  (1900). 
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carried  on  with  considerable  interruption  and  has  extended  oyer 
some  time. 

REAGENTS  AND  APPARATUS. 

The  Standard  solutions  used  have  been  N/50  hydrochloric  acid,. 
and  barium  hydroxide,  approximately  N/ioo,  its  exact  strengtb 
relative  to  the  acid  being  found  daily  by  titration.  It  was  found 
advantageous  to  use  solutions  of  this  strength,  somewhat  more 
dilute  than  those  recommended  by  Walker,  on  account  of  the  in- 
creased accuracy  with  air  nearly  free  from  carbon  dioxide.  The 
decreased  range  of  usefulness  is  readily  compensated  by  the  em- 
ployment of  smaller  samples  of  the  impure  air. 

The  preparation  of  the  acid  requires  no  special  comment,  it 
being  standardized  by  gravimetric  determinations  as  silver  chlo- 
ride and  preserved  in  a  hard  glass  bottle  in  the;  usual  manner* 
The  barium  hydroxide,  which  was  made  up  in  quantities  of  8 
liters  at  a  time,  was  preserved  with  especial  care.  The  hard  glass 
bottle  containing  it,  placed  on  a  high  shelf  so  that  the  measuring- 
apparatus  could  be  filled  directly  by  gravity,  was  heavily  coated 
on  the  inside  with  barium  carbonate.  This  was  found  as  efficient 
as  the  paraffin  used  by  Letts  and  Blake  which  seemed  to  have  a 
tendency  to  flake  off  with  changes  in  temperature.  The  bottle  was 
closed  by  a  rubber  stopper  with  two  holes,  one  of  which  carried 
the  siphon  tube  dipping  to  the  bottom  of  the  bottle  and  supplying- 
the  measuring  burette,  while  the  other  carried  a  fairly  large  glass 
T  (Fig  .1).  From  one-half  the  horizontal  arm  of  this  projected 
a  glass  tube  carrying  the  device  for  protecting  the  solution.  This 
device  is  shown  drawn  on  a  somewhat  larger  scale  in  the  same 
sketch.  The  horizontal  tube  entered  the  T-tube  far  enough  to 
support  the  apparatus.  Connection  was  made  by  a  closely  fitting- 
rubber  tube.  The  longer  tube,  reaching  nearly  to  the  bottom  of 
the  test-tube,  carried  a  fairly  good  sized  "calcium  chloride  tube*' 
which  contained  soda-lime,  enclosed  in  the  usual  manner  by  plugs 
of  cotton.  The  test-tube  contained  5  to  10  cc.  of  dilute  (about 
N/50)  caustic  potash  colored  with  phenolphthalein,  the  whole 
serving  to  indicate  the  efficiency  of  the  soda-lime.  From  the 
other  end  of  the  horizontal  arm  of  the  T  projected  in  the  same  way 
a  long  tube  bent  at  right  angles  fitting  by  a  rubber  stopper  into 
the  top  of  the  burette,  thus  making  the  whole  a  closed  system^ 
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much  after  the  manner  of  Blochmann.^    Any  air  entering  the 
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bottle  when  the  solution^ is  drawn  from  the  burette  or  when  the 
"burette  is  filled  ag^ain  must  have  come  throug^h  the  protecting 
^rpparatus.  This  will  be  found  efficient,  if  care  is  taken  in  the 
selection  or  preparation  of  the  soda-lime.* 

The  biirette  used  for  the  barium  hydroxide  was  a  glass- 
stoppered  one,  differing  somewhat  from  the  ordinary  form.  The 
lower  portion  below  the  graduations  was  narrowed  and  bent  at 
right  angles.  This  horizontal  part  was  fitted  with  an  ordinary 
^lass  stop-cock.    This  gave  no  trouble  when  kept  well  vaselined. 

t  Ann,  Ckem.  (Uebig),  237.  39  (1887). 

s  Directloiu  for  preparing  a  good  quality  of  soda-lime  are  given  tyy  Benedict  and 
"tnxntx.  this  Journal,  ai,  396  (1899). 
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The  tip  of  the  burette  was  kept  covered  with  a  little  rubber  cap 
when  not  in  use  to  prevent  clogging  from  the  formation  of 
carbonate.  The  apparatus  could  easily  be  arranged  with  a  special 
pipette  for  the  delivery  of  a  definite  charge  of  baryta  solution  but 
this  was  not  considered  worth  while  for  the  purpose  of  testing  the 
method.  It  was  not  found  necessary  to  coat  the  inside  of  the 
tubes  or  the  measuring  apparatus  with  paraffin.  The  solution 
wfis  always  drawn  from  the  burette  and  replaced  by  fresh  if  it 
had  stood  for  any  time.  The  apparatus  as  described  was  found 
to  be  remarkably  efficient  for  the  preservation  of  barium  hydrox- 
ide. While  determinations  of  the  strength  of  the  solution  by 
titration  against  the  hydrochloric  acid  were  made  every  day,  it 
was  found  as  a  matter  of  fact  that  the  solution  underwent  no 
appreciable  change  during  a  month  or  so. 

The  bottles  used  for  the  collection  of  samples  were  of  hard 
glass,  some  of  2-liters  capacity,  others  of  i -liter,  the  exact  volume 
being  determined  in  each  case  to  a  cubic  centimeter.  Some  of  the 
bottles  were  fitted  with  glass  tubes  and  stop-cocks  as  described  by 
Walker ;  in  others  the  stop-cock  was  replaced  by  a  bit  of  rubber 
tubing  and  a  Mohr  pinch-cock  which  answers  the  purpose  quite 
well  though  not  so  conveniently  as  the  glass  stop-cock.  The  bottles 
were  used  both  plain  and  coated  with  paraffin. 

The  apparatus  used  for  filtering  off  the  barium  carbonate,  be- 
ing made  from  material  at  hand,  differed  somewhat  from  that 
recommended  by  Walker.  It  may  therefore  need  a  word  of 
explanation. 

To  the  base  of  a  ring-stand  was  firmly  clamped  an  ordinary 
filter-bottle  of  about  250  cc.  capacity  closed  by  a  rubber  stopper 
with  two  holes.  Through  one  of  these  passed  a  tube  leading  to 
the  suction  pump,  through  the  other  the  tube  of  a  Gooch  filtering 
funnel,  the  upper  part  of  which  was  cut  off  so  that  the  remainder 
above  the  constriction  was  about  an  inch  long.  The  tip  projecting 
into  the  bottle  was  bent  so  that  the  liquid  should  flow  down  the 
side  and  not  spatter.  A  rather  close  coil  of  stout  platinum  wire 
placed  above  the  narrow  portion  served  as  a  support  for  the 
asbestos  filter  or  could  be  removed  if  it  was  desired  to  use  cotton 
instead.  In  the  upper  part  of  the  tube  was  tightly  fitted  a  rubber 
stopper  through  which  passed  a  narrow  glass  tube  extending  to 
within  one-eighth  inch  of  the  asbestos  layer  and  provided  above 
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the  Stopper  with  a  stop-cock.    Connection  was  made  with  the 
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short  tube  of  the  inverted  bottle  by  means  of  a  rubber  tube. 

AH  rubber  stoppers  and  connections  with  which  the  solutions 
could  possibly  come  in  contact  were  cleaned  by  boiling  in  a  5  per 
cent,  potash  solution,  washed,  and  boiled  in  dilute  bichromate  and 
sulphuric  acid  mixture,  rubbed  thoroughly  and  washed  until  free 
from  acid. 

NOTES  ON  THE  PROCEDURE. 

The  procedure  adopted  follows  in  its  general  outlines  that  of 
Walker  but  since  it  was  found  at  an  early  stage  of  the  work  that 
success  depended  on  a  close  observance  of  details  in  manipulation 
it  might  be  well  to  mention  the  precautions  found  useful. 

Collection  of  Samples, — ^With  such  small  bottles,  this  is  an  easy 
matter.  Any  method  may  be  used  which  secures  a  complete 
exchange  of  the  air  and  prevents  contamination  with  the  breath. 
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It  is  better  for  this  reason  to  draw  the  air  out  of  the  bottle  than  to 
force  it  in.  For  the  present  purpose,  samples  for  comparison 
were  collected  by  aspirating  the  air  at  a  rapid  rate  through  several 
bottles  connected  tandem,  the  air  entering  through  the  longer  tube 
and  leaving  by  the  shorter  one  so  as  to  sweep  the  bottle  out  com- 
pletely. The  air  was  drawn  through  usually  for  fifteen  to  thirty 
minutes,  then  the  bottles  allowed  to  remain  connected  for  a  time 
that  the  air  might  be  equally  distributed.  No  samples  were  col- 
lected at  a  temperature  higher  than  that  at  the  time  of  analysis  and 
they  were  always  allowed  to  come  to  the  higher  temperature  of 
the  laboratory  so  that  there  was  always  an  outward  pressure  when 
the  bottle  was  opened.  It  is,  of  course,  unnecessary  to  use  dry 
bottles  for  collecting  the  samples. 

Absorption  of  the  Carbon  Dioxide. — It  was  found  best  instead 
of  trying  to  force  the  alkali  solution  entirely  below  the  level  of  the 
stop-cock  by  squeezing  the  rubber  tip,  to  pinch  it  and  then  insert 
a  bit  of  glass  rod  about  an  inch  long  as  a  plug  to  keep  out  the  air. 
The  absorption  was  usually  carried  on  for  thirty  minutes. 

Filtering  off  the  Barium  Carbonate. — 25  cc.  of  the  hydrochloric 
acid  was  used  and  the  bottle  was  rinsed  with  100-150  cc.  of  pre- 
pared "wash  water" — ^made  as  suggested  by  Walker,  by  adding  i 
cc.  of  a  10  per  cent,  barium  chloride  solution  and  3  drops  of 
phenplphthalem,  then  titrating  with  barium  hydroxide  to  a  faint 
permanent  pink.  Rinsing  three  times,  using  25-30  cc.  of  wash 
water  each  time,  was  generally  sufficient.  One  advantage  of 
paraffined  bottles  is  that  they  drain  more  completely  and  hence 
the  washing  is  more  readily  performed.  The  prq)aration  of  this 
wash  water  was  usually  carried  out  during  the  absorption  and  the 
water  kept  in  stoppered  flasks.  Some  of  the  water  should  also  be 
used  to  wash  down  the  filter  tube. 

Equally  good  results  were  obtained  by  using  100  cc.  of  distilled 
water  which  had  had  air  free  from  carbon  dioxide  passed  through 
it  in  a  fairly  rapid  stream  for  two  hours  and  then  been  preserved 
out  of  contact  with  the  air.  This  was  usually  done  on  a  con- 
siderable quantity  which  was  kept  in  a  hard  glass  bottle  and 
drawn  off  through  a  siphon  tube  as  required  for  use. 

The  Titration. — The  acid  solution  was  transferred  from  the 
filter  bottle  to  a  6-inch  porcelain  dish  for  titration.  Barium 
hydroxide  was  added  to  the  production  of  a  distinct  pink  color. 


ATMOSPHERIC   CARBON   DIOXIDE.  I57 

the  solution  then  returned  to  the  bottle  and  finally  poured  again 
into  the  dish.  One  or  two  drops  of  the  alkali  solution  usually 
sufficed  to  finish  the  titration. 

EXPERIMENTAL. 

Standardization  of  the  Barium  Hydroxide. — This  was  the  first 
problem  that  presented  itself.  The  natural  method  would  seem 
to  be  titration  directly  against  the  hydrochloric  acid,  using  the 
indicator  used  in  the  actual  determination ;  but  since  "neutralized 
water/'  that  is,  distilled  water  in  which  the  dissolved  carbon 
dioxide  had  been  neutralized  with  baryta,  was  to  be  used  in  the 
determination,  it  seemed  on  the  other  hand,  that  the  standardiza- 
tion should  be  carried  out  under  similar  conditions  as  r^ards 
dilution.  Again,  since  barium  chloride  has  been  added  to  the 
wash  water  to  assist  in  the  separation  of  the  barium  carbonate  and 
it  has  passed  through  a  filter,  the  carbon  dioxide  may  be  con- 
sidered removed.  Why,  then,  should  not  equally  good  results  be 
obtained,  with  less  trouble,  by  determining  the  amount  of  carbon 
dioxide  in  a  given  volume  of  water  and  applying  a  correction  for 
the  amount  of  wash  water  used  ?  Still  another  method  was  by  the 
use  of  "purified  water,"  by  which  is  meant  distilled  water  with 
the  carbon  dioxide  removed  as  previously  described. 

These  four  methods,  then,  have  been  tried :  (a) Direct  standard- 
ization; (b)  using  150  cc.  of  "neutralized  water"  to  dilute  the 
hydrochloric  acid  solution;  (c)  applying  a 'correction  for  the 
amount  of  carbon  dioxide  in  the  diluent  water;  (d)  using  loo  cc. 
of  "purified  water." 

The  results  are  given  in  Table  I,  the  value  calculated  being  that 
of  the  barium  hydroxide  in  terms  of  the  standard  acid. 

Table  I. —Methods  of  Standardization. 


a. 

d. 

c. 

d. 

0.5J75 

0.5225 

0.4855 

0.5147 

0.5170 

04832 

0.4829 

0.4832 

0.4831 

0.4796 

0.4794 

0.4793 

0.4803 

0.4924 

0.5048 

0.4928 

0.4948 

0.5077 

0.4808 

04945 

The  values  obtained  with  purified  water  and  by  direct  stand- 
ardization were  nearly  the  same  and  are  undoubtedly  the  correct 
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ones.  Distilled  water  gave  values  which  were  too  low,  even  when 
a  correction  was  made  for  the  carbon  dioxide  that  it  contained. 
The  results  with  neutralized  water,  on  the  other  hand,  which 
might  be  expected  to  agree  with  those  for  purified  water,  were 
invariably  high.  This  is  probably  due  to  the  barium  carbonate 
which  has  not  been  removed,  since  experiments  made  with  a  small 
flask  exhausted  of  its  air  and  fitted  with  stop-cocks  and  the 
filtering  arrangement  gave  results  identical  with  the  direct  stand- 
ardization. 

The  method  of  standardization  finally  adopted  was  either  the 
direct  method  or  the  use  of  100  cc.  of  purified  water,  the  bottle 
being  rinsed  out  with  150  cc.  of  neutralized  water,  for  which  no 
allowance  was  made.  That  is  to  say,  none  was  poured  directly 
into  the  filter  bottle  but  all  that  was  used  passed  through  the  filter. 

The  Filtering  Medium. — Tests  were  made  using  asbestos  as  the 
filtering  medium  and  also  using  cotton.  It  was  found  rather 
more  convenient  to  use  a  bit  of  absorbent  cotton  packed  into  the 
stem  of  the  funnel  tube  in  place  of  the  platinum  coil.  A  com- 
parison of  the  two  showed  that  for  ordinary  work  either  medium 
could  be  employed  but  that  the  cotton  gave  slightly  higher  results, 
as  might  be  expected  from  the  results  published  by  Reiset^  on  the 
filtration  of  baryta  water  through  paper. 

Table  II.— Filtering  Media. 


Source 

• 

Time. 

C0«in 

of  air. 

Filter. 

Minutes. 

10,000. 

Outdoors 

Cotton 

30 

3.26 

K 

Asbestos 

30 

3.18 

Room 

Cotton 

30 

4.05 

Asbestos 

30 

4.01 

Cotton 

30 

4.10 

Asbestos 

30 

3.93 

Cotton 

30 

3.99 

Asbestos 

30 

4.01 

Time  Necessary  for  Absorption. — It  is  possible  to  carry  out  the 
absorption  of  the  carbon  dioxide  in  fifteen  minutes,  as  Walker 
states,  by  agitating  the  bottle  almost  constantly.  In  most  cases, 
however,  it  would  be  better  to  continue  the  absorption  for  a  little 
longer  time,  say  for  twenty  to  thirty  minutes.  A  longer  time 
than  this  is  unnecessary  and  in  the  case  of  bottles  which  are  not 
paraffined  it  is  undesirable. 

>  Ann.  ckim.p^.^  [5],  s6,  155  (iSSa). 
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Tablb  III.— Txmb  Nbcbssary  for  Absorption. 


ce  of  nrnplc. 
Room 

Time  of  thakiaf . 
Minutes. 

15 

CO|  in  io«ooo. 

3.89 

K 
II 
II 

30 
60 
60 

3.99 

3« 
3-93 

Action  of  the  Alkali  on  the  Glass  of  the  Bottle.— Tht  tests 
which  were  made  confirmed  Walker's  conclusion  that  in  the 
short  time  necessary  for  absorption  the  solvent  action  of  the  alkali 
on  the  glass  is  negligible. 


Tab«  IV. 

—Action  op  the  Alkali  on  thb  Glass. 

Time. 

Source  of  nniple. 

Panii&ned  bottle  ? 

Minute*. 

COfin  io,ojo. 

Room 

No 

30 

3.68 

<i 

30 

363 

Yes 

30 

3-75 

II 

30 

3.78 

No 

30 

4.84 

Yes 

30 

4.78 

If 

30 

4.81 

Tests  on  Air  Free  from  Carbon  Dioxide  and  on  Known  Mix- 
tures, — To  obtain  a  rigid  test  of  the  method,  determinations  were 
made  on  air  free  from  carbon  dioxide  and  on  similar  samples  to 
which  a  known  amount  of  the  gas  had  been  added.  The  blank 
determinations  were  made  both  on  the  vacuous  bottles  from  a 
previous  determination  and  on  samples  in  which  air  free  from 
carbon  dioxide  was  drawn  through  the  bottles  until  the  original 
air  was  entirely  displaced.  This  was  determined  by  passing  the 
air  from  the  bottle  through  a  saturated  solution  of  baryta  and  in 
no  case  was  the  sample  used  if  the  clear  solution  showed  any 
turbidity  when  the  air  was  drawn  through  it  at  a  rapid  rate  for 
twenty  minutes. 

In  the  tests  on  known  amounts  of  carbon  dioxide,  the  vacuous 
bottles  were  also  employed.  The  carbon  dioxide,  which  was  gen- 
erated by  heating  magnesium  carbonate,  was  measured  over  mer- 
cury in  capillary  tubes  and  added  through  the  shorter  tube  of  the 
bottle. 


i6o 
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TABX.B  v.— TB8T8  ON  AlR  PRBB  PROBC  CaRBOK  DIOXIDB. 

Filter. 

Wft*h  water  used. 

StandardisatioB. 

C0|  in  10,000. 

Cotton 

Neutraliied 

Direct 

-0.14 

<« 

Purified 

«i 

0.06 

<i 

Nentraliced 

« 

000 

i< 

Purified 

K 

0.18 

«i 

(« 

Purified  water 

0.01 

ti 

Neutralized 

Direct 

0.07 

«( 

Purified 

C( 

—0.02 

«( 

Neutralized 

<i 

—0.06 

None 

(f 

—0.01 

Cotton 

M 

0.01 

K 

<l 

—0.02 

4< 

«( 

O.OI 

Asbestos 

II 

—0.02 

4t 

Purified 

l« 

-0.01 

(« 

Neutralized 

li 

O.OI 

If 

Purified 

11 

0.00 

li 

(t 

II 

O.OI 

<( 

c< 

41 

0.01 

«( 

Neutralized   . 

11 

0.03 

l( 

41 

II 

—0.07 

il 

<( 

II 

0.05 

(i 

<C 

II 

—O.OI 

ft 

(( 

II 

0.03 

Tabm  VI.- 

-Tbsts  with  Known  Amounts  of  Carbon  Dioxidb. 

Bar. 

Volume 

Cc.  added. 

Temperature. 

Inches. 

Cc.  N.T.  P. 

found. 

0.852 

35.8« 

29.85 

0.752 

0.744 

0.841 

37.0 

30.07 

0.742 

0.715 

1.33 

35.0 

29.97 

X.182 

I.183 

1.28 

34.8 

29.96 

I.I39 

I.16 

3.01 1 

25.0 

29.92 

1.784 

1.803 

1.23 

25.3 

29.92 

1.090 

1.075 

2.231 

25.4 

29.92 

1.967 

3.01 

3.158 

25.3 

29.89 

1.972 

1.945 

1.37 

21.2 

30.24 

1.285 

1.386 

1.325 

21.8 

30.24 

1.240 

1.273 

3.074 

31.8 

30.23 

1.94 1 

1.932 

1.877 

23.0 

30.18 

1.746 

1.708 

0.878 

23.6 

30.18 

0.815 

0.791 

0.995 

23.6 

30.18 

0.924 

0.919 

1.057 

22.6 

.... 

0.990 

0.996 

CONCLUSIONS. 

The   results   obtained   confirm   Walker's   statement   that    the 
method  is  accurate  under  ordinary  circumstances  to  o.i  part  in 
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10,000.  With  careful  work  and  attention  to  details  it  should  be 
accurate  to  a  much  greater  degree  than  this,  certainly  to  0.03 
part.  It  can  hardly  be  said,  however,  that  amounts  of  carbon 
dioxide  varying  from  o  to  40  parts  in  10,000,  can  be  determined 
without  modification  of  the  method.  The  barium  hydroxide 
must  always  be  present  in  considerable  excess,  a  condition  which 
is  most  readily  attained  by  the  use  of  a  smaller  sample  of  bad  air. 
With  a  little  practice,  the  method  was  found  to  be  rapid  and  easy 
of  execution  and  preferaUe  to  the  Pettenkofer  method. 

B08TOH,  Mass., 
October  aS,  1909. 


LIQUID  BATHS  FOR  MELTiNQ-POINT  DETERMINATIONS. 

Bt  Hbywaad  Scudder. 

Received  November  at.  190s. 

A  MIXTURE  prepared  by  boiling  together  for  five  minutes  seven 
parts  by  weight  of  sulphuric  acid  (sp.  gr.  1.84)  and  three  parts 
by  weight  of  potassium  sulphate  remains  a  transparent  liquid  at 
ordinary  temperatures  and  can  be  heated  up  to  325°  without  boil- 
ing. If  the  proportions  are  changed  to  six  parts  by  weight  of 
acid  and  four  parts  of  the  sulphate  the  mixture  forms  a  soft  mass 
at  ordinary  temperatures  (though  after  boiling  and  then  cooling 
down  it  will  usually  remain  liquid  for  half  an  hour  or  more)  melt- 
ing from  60**- 100®  and  boiling  above  365®.  Acid  potassium  sul- 
phate can  be  used  instead  of  potassium  sulphate.  In  this  case  the 
amount  should  be  calculated  to  give  the  same  ratio  of  potassium 
sulphate  to  sulphuric  acid. 

These  mixtures  are  self-clearing  and  remain  permanently  white 
(turning  slightly  yellowish  at  about  230**)  unless  much  organic 
matter  gets  in.  They  can  be  cleared,  if  brown,  by  boiling  with  a 
few  drops  of  concentrated  nitric  acid  or  with  a  small  crystal 
of  potassium  nitrate.  The  vapor  is  so  slightly  acid  that  the 
capillary  can  always  be  fastened  to  the  thermometer  by  a 
rubber  band,  provided  the  band  is  i  to  2  cm.  above 
the  surface  of  the  bath.  Platinum  wire  need  never  be  used.  In 
preparing  the  bath,  after  the  potassium  sulphate  has  melted  the 
two  layers  should  be  mixed  or  explosive  boiling  may  occur. 

Most  melting-points  given  accurately  are  below  325°.  The 
first  mixture  is  therefore  suitable  for  all  ordinary  purposes.    It 
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does  not  have  to  be  renewed  frequently  as  does  the  ordinary  sul- 
phuric 'acid  bath  nor  does  it  become  permanently  discolored  as 
does  paraffin  after  short  use,  even  though  prepared  by  distillation 
under  diminished  pressure. 

If  the  bath  has  solidified  (which  happens  scnnetimes  under 
unknown  conditions  though  very  rarely),  boiling  for  a  minute  or 
two  will  bring  it  back  to  its  original  condition.  If  it  has  not  been 
used  for  a  number  of  weeks,  it  should  be  boiled  for  a  minute  or 
two  before  using  for  temperatures  above  300®. 

For  temperatures  from  360**  to  600"  Mr.  Booth,  working  under 
the  direction  of  Dr.  Mulliken  of  this  laboratory,  has  found  that 
the  most  satisfactory  bath  is  fused  zinc  chloride.  This  melts  to  a 
clear  transparent  liquid  at  about  250"*.  After  use  it  must  be 
poured  out  oh  a  tile  while  liquid,  since  it  expands  oh  solidification 
and  will  crack  any  flask  or  beaker  in  which  it  is  allowed  to  grow 
cold.  It  can  be  cleared  from  organic  impurities  by  heating  with  a 
small  crystal  of  potassium  nitrate.  Unless  the  zinc  chloride  used 
is  pure,  the  bath  will  gradually  become  opaque  after  a  short  time 
and  can  not  be  made  transparent  again. 

The  temperatures  given  here  are  uncorrected.  They  were 
obtained  in  a  melting-point  apparatus  made  by  inserting  a  test- 
tube  in  a  round-bottomed  flask  (150-250  cc).  The  bottom  of  the 
tube  is  about  i  cm.  from  the  bottom  of  the  flask.  The  bath  is 
placed  both  in  the  test-tube  and  in  the  flask.  In  this  apparatus 
fresh  sulphuric  acid  (sp.  gr.  1.84)  can  be  used  up  to  28o'*-3O0* 
In  using  the  sulphate  mixtures,  if  the  upper  part  of  the  tube  be- 
comes cloudy  from  a  film  of  solid,  it  can  be  cleared  by  boiling  with 
a  little  concentrated  nitric  acid.  In  using  such  an  apparatus  it  is 
not  safe  to  heat  it  much  above  the  temperatures  given  here  for  the 
various  baths  since  the  boiling  is  apt  to  start  very  violently.  It  is 
safe  to  heat  it  till  large  bubbles  begin  to  rise  moderately  fre- 
quently. 

When  these  baths  are  used  in  open  beakers,  it  is  not  possible 
with  sulphuric  acid  or  the  sulphate  mixtures  to  obtain  tempera- 
tures as  high  as  those  previously  mentioned,  without  having  dis- 
agreeable amounts  of  acid  vapor  given  off.  The  zinc  chloride 
bath  can  be  used  in  a  beaker  up  to  about  600®. 

The  sulphate  mixtures  seem  to  contain  some  compound  in  a 
persistent  state  of  supersaturation.  Although  possessed  of  con- 
siderable oxidizing  power  when  hot,  it  is  a  curious  fact  that  they 
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are  markedly  less  caustic  than  hot  concentrated  sulphuric  acid 
when  dropped  on  the  skin. 

MASSACBUaBTTS  iNSTXTTTrB  OP  TBCRNOLOOT, 

November,  190a. 


THE  PREVENTION  OF  BUHPINQ. 

By  Hbywakd  Scuddbx. 

Received  November  at.  1902. 

A  SINGLE  glass  capillary  tube  when. used  according  to  the  fol- 
lowing directions  will  stop  most  cases  of  bumping  that  occur  in 
ordinary  laboratory  work.  The  method  is  simple,  effective  and 
introduces  into  the  liquid  no  foreign  substance  except  glass  and 
one  small  bubble  of  air.  In  order  to  carry  it  out  successfully  the 
following  details  of  procedure  must  be  carefully  observed. 

The  origin  of  the  use  of  a  capillary  is  obscure.  The  earliest 
published  reference  that  I  have  found  is  by  Gemez.^  Since  these 
references  are  only  incidental  and  therefore  difficult  to  find,  it  is 
quite  possible  that  there  may  be  an  earlier  one.  I  have  tried  all 
the  methods  published  (most  of  which  are  only  for  special  cases), 
and  have  found  none  so  simple  or  of  such  wide  application  as  the 
one  presented  here. 

The  capillary  is  made  by  drawing  out  a  piece  of  glass  tubing 
until  the  internal  diameter  is  about  0.5  to  i  millimeter.  A  seal 
is  then  made  by  holding  the  tube  horizontally  in  the  edge  of  the 
flame  of  a  Bunsen  burner,  until  the  walls  have  melted  together. 
The  tube  is  bent,  if  necessary,  or  held  horizontally  till  cold. 
For  most  purposes  the  seal  should  be  about  i  cm.  from  the 
q)en  end  of  the  tube.  The  tube  is  cut  off  at  the  desired 
length  and  the  other  end  sealed  to  prevent  the  entrance 
of  liquid.  When  cold,  the  tube  is  placed  open  end 
down  in  the  liquid  to  be  boiled.  The  open  end  should 
rest  on  the  bottom  of  the  vessel  containing  the  liquid  and  should 
remain  there  during  usd  ^^^len  liquids  of  high  specific  gravity 
arc  being  boiled,  it  is  necessary,  therefore,  to  have  the  capillary 
so  heavy  that  it  will  not  be  thrown  off  the  bottom.  This  weight 
can  be  obtained  by  drawing  out  the  tube  from  which  the  capillary 
is  made  only  near  the  seal,  or  by  using  a  very  thick  walled  tube. 

In  a  general  way  the  theory  of  the  action  of  such  a  tube  is  that 

1  Qmpt.  Rend.,  86.  47a. 
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when  heated  the  air  in  the  capillary  expands  and  passes  through 
the  liquid  in  bubbles.  The  vapor  of  the  liquid  gradually  replaces 
the  air  and  the  stream  of  bubbles  is  continuous  as  long  as  the 
temperature  around  the  capillary  is  at  the  boiling-point  of  the 
liquid.  This  constant  bubbling  prevents  superheating  and  conse- 
quent explosive  boiling.  It  is  apparent  that  the  size  of  the  bubble 
will  depend  chiefly  on  the  width  of  the  capillary.  This  should 
vary  with  the  nature  of  the  liquid.  For  liquids  of  low  boiling- 
point  or  for  frothing  liquids  a  narrow  capillary  is  best,  while  for 
heavy  liquids  a  wider  capillary  (even  as  wide  as  5  mm.  internal 
diameter)  is  more  suitable. 

When  boiling  with  a  return  condenser,  the  seal  of  the  capillary 
must  be  below  the  surface  of  the  liquid.  If  the  seal  is  above  the 
surface,  cold  drops  falling  back  from  the  condenser  will  strike 
the  capillary  and  cause  condensation  of  the  vapor  inside  it,  thus 
stopping  the  stream  of  bubbles.  To  prevent  displacement,  the 
capillary  should  be  of  such  a  length  that  the  upper  end  reaches 
nearly  to  the  top  of  the  neck  of  the  flask.  When  the  liquid  is  in 
a  thin  broad  layer  the  capillary  should  be  bent  at  the  seal  so  as  to 
be  parallel  or  nearly  parallel  to  the  bottom  of  the  flask.  In  boiling 
liquids  in  a  test-tube,  care  must  be  taken  that  the  heat  is  applied  at 
the  bottom  of  the  tube.  When  a  solid  is  being  dissolved,  or  when 
in  the  course  of  a  reaction  a  solid  is  being  precipitated  out  of  solu- 
tion, the  capillary  should  be  examined  from  time  to  time  to  see 
that  the  end  has  not  become  clogged. 

The  capillary  is  useless,  if  completely  filled.  Therefore  it 
must  be  cold  and  empty  when  placed  in  the  liquid.  Care  should 
be  taken  (especially  in  the  case  of  liquids  that  usually  bump 
badly)  to  protect  the  flame  Jrom  drafts,  so  that  the  temperature 
of  the  liquid  shall  not  temporarily  fall  below  the  boiling-point, 
allowing  the  capillary  to  fill. 

Other  minor  changes  and  precautions  may  be  advisable  at 
times,  but  it  will  be  found  that  they  depend  on  the  following 
principles.  The  capillary  must  never  be  allowed  to  become  filled 
with  liquid.  The  greater  the  amoimt  of  air  there  is  to  drive  out 
(depending  on  the  width  of  the  capillary  and  the  distance  from  the 
seal  to  the  open  end),  the  longer  will  it  take  to  get  a  rapid  stream 
of  bubbles  of  vapor  of  the  liquid.  The  greater  the  distance  from 
the  seal  to  the  open  end,  the  longer  will  it  take  to  fill  the  capillary 
on  cooling. 
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This  method  has  been  in  successful  use  in  these  laboratories  for 
nearly  a  year.  By  its  use  it  is  possible  to  saponify  esters  by  boil* 
ing  with  a  50  per  cent,  solution  of  potassium  hydroxide  (using  a 
return  condenser)  or  to  boil  concentrated  sulphuric  acid  in  a  test- 
tube,  without  any  bumping.  Only  two  cases  have  been  met  with 
in  which  bumping  persisted  after  the  capillary  was  introduced. 
Both  were  reactions  carried  out  with  a  return  condenser.  Al- 
though the  bumping  continued,  it  was  so  gjeatly  lessened  that  the 
liquid  was  not  thrown  out  of  the  upper  end  of  the  condenser  and 
diere  was  no  danger  of  having  the  flask  broken, 

Hassachusbtts  Institutb  op  Tbchnolooy, 
November,  1903. 
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THE  EQUIVALENT  CONDUCTIVITY   OF  THE   HYDROGEN 
ION  DERIVED  PROH  TRANSFERENCE  EXPERI- 
MENTS WITH  HYDROCHLORIC  ACID. 

By  A.  A.  NOTBS. 
Reodred  November  17.  i9oe. 

(second  paper.) 
In  a  previous  communication*  bearing  the  same  title  made  by 
A.  A.  Noyes  and  G.  V.  Sammet  three  series  of  determinations  of 
the  transference-numbers  for  */eo  molar  hydrochloric  acid,  at  lo**, 
20*,  and  30**,  respectively,  were  presented,  from  which  by  combi- 
nation with  the  fairly  accurately  known  values  for  the  conductivity 
of  the  chlorine  ion,  the  following  ones  for  that  of  the  hydrogen  ion 
were  obtained. 

L  xoP.         18P.         aoo.         9g\  yfi. 

A       288.7       3298      340.0      364.9      389.1 

These  values  are  4  to  6  per  cent,  higher  than  those  derived  by 
Ostwald  and  Kohlrausch  through  a  consideration  of  the  change 
of  conductivity  of  strong  acids  with  the  dilution.  It  was  not  con- 
sidered .possible  that  this  divergence  could  arise  from  experimental 
errors  in  the  transference  determinations;  but  it  was  suggested 
that  it  might  be  due,  at  any  rate  in  part,  to  a  difference  in  the 
transference-numbers  of  the  acid  at  extreme  dilution  and  at  the 
investigated  dilution  of  60  liters.  To  test  this  possibility,  a  new 
series  of  determinations  has  been  made  at  20^  with  an  approxi- 

>  This  Journal,  94,  944  (190a). 
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mately  ^/^m  molar  acid;  and  it  is  the  purpose  of  this  article  to 
communicate  the  results.  In  this  investigation  I  have  been  ably 
assisted  by  Mr.  Raymond  Haskell. 

The  method  employed  was  substantially 'identical  with  that 
described  in  the  previous  article.  The  add  used  was  prepared 
from  pure  salt  and  sulphuric  acid,  washed  with  water,  absorbed 
in  a  little  pure  water,  and  diluted  with  water  having,  a  conductivity 
of  1.5  X  io~^  reciprocal  ohms.  Three  separate  solutions,  num- 
bered 10,  II  and  12  in  the  table,  were  employed.  These  yielded 
respectively  07870,  0.7815,  and  0.8240  milligram  AgCl  per  gram 
of  solution. 

The  data  are  given  in  detail  in  the  following  table,  which  is 
arranged  like  those  previously  published.  The  headings  are  for 
the  most  part  self-explanatory.  The  content  is  always  expressed 
in  milligrams  AgCl  per  gram  of  solution.  The  silver  precipitated 
in  the  voltameters  is  also  given  in  milligrams.  The  '^transference- 
numbers"  of  the  table  are  the  actual  values  for  the  anion  multi- 
plied by  1000.  The  letters  in  the  third  column  have  the  follow- 
ing significance  :  ^==  cathode  portion  ;  A  =  anode  portion  ;  Mg 
and  Ma  the  middle  portions  adjoining  these,  respectively;  M^  the 
middle  portion  of  all,  lying  between  the  last  two. 

Viao-MOI,AR  HCL  AT  20®. 


b  gt 


§  &  i 


^   i    §    I*    I     ^    1  -\    u  ll 

t      I       I       fl         I         I         ll  %s        II  \\ 

S££>              £'£u  HSH 

33  10       K  346.42  272.6  223.7  —48.9  —48.9  217.2  169.4 

Mk  210.26  165.4  165.2  —0.2          217.4  ••-. 

M  177.44  139-6  138.1  —  1.5        217.1  .... 

34  II        K  34300  268.1  230.7  —37.4  —37.4  t68.4  166.9 

Mk  142.68  111.5  III. 7  +0.2        168.7  ••*- 

M  163.00  127.4  127. 1  —0.3  .....  168.7  .... 

35  II       -AT  340.56  266.2  229.3  —36.9  —36.9  "67.1  166.3 

Mk  160.37  125.3  125.5  4-0.2       167.2  .... 

M  16S.81  131.9  130.8  —I.I        167.4  .... 

36  II       IC  356.44  278.6  237.5  — 41.X  —41. 1  186.1  i66u4 

Mk  160.64  125.5  125.5  ^0.0       186.0  .... 

M  183.78  143.6  140.9  —  2.7       185.8 

37  II        K  349-28  273.0  234.8  —38.2  —38.2  172.0  167.3 

Mk  160.89  125.7  125.5  —0.2        171.8  .... 

M  187.42  146.5  142.5  —4.0       172.1  •••• 

A  487.95  381-4  424.1  +42-7  +38.7       ••••  169.3 
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:a 


58        13       AT      319"      «63o      "1.8  —41.2      — 4i.a      185.0      1^.7 

Mr     162.63      >34.o      133.7      —0.3        185.0       .... 

Af      177.87      146.6      142.2      —4.4       185.1        .... 

A       451-47      373*0      417*4  -I-45-4      +4X*o        ....       166.8 

39  12        IT      3^336      266.5      232*4  —34*1      —34.1       155.8      164.6 

/Ifr     136.82      112.7      112.6      —0.1        156.0       t'*. 

Af       169.80      139.9      138.3      —  1.6       156.0       .... 

A       451.46      372.0     410.9  +38.9      +37.3       ••••       »8o.o 

40  13        A^      305.85      252.0      210.1  —41*9      —41.9      188.0      167.7 

Afjc     156.41      128.9      128.6      —0.3        188,3       .... 

Af      181.01      149.2      143.3      —5*9       188.1        .... 

^       431*19      355.3      403*3  +48.0      +42.1        ....       168.5 

41  12        /f      306.64      252.7      2169  —35.8      —35.8      167.9      160.5 

Afjc    156.91      129.3      129.5      4-0.2       168.0       .... 

Af      177.42      146.2      143.4      —2.8       167.9       '**- 

^       445.75      367.3      407.1  +39.8      +37*0       ....       165.9 

43        12       AT      309.99      255.4      219.2  —36.2      —36.2      163.4      166.4 

Afjc    162.39      133.8      133.6      --0.2       163.9       •••• 

Af      172.73      142.3      139.3      —3.0       163.8       .... 

^       453.88      374.0      414*2  +40.2      +37.2         ...       170.9 

The  transference  numbers  are  summarized  in  the  following 

table.    The  values  marked  with  an  asterisk  were  omitted  in  the 
calculation  of  the  mean. 

Vim-Molar  Hci*  at  20®. 

Bzpt  No.                            Cathode.  Anode. 

33  169.4 

34  166.9 

35  166.3 

36  166.4 

37  167.2  169.3 

38  167.7  166.8 

39  164.6  180.0* 

40  167.7  168.5 

41  160.5*  165.9 

42  166.4  170.9 

Mean,  167.0  168.3 

a.d.,        0.9  1.5 

A.D.,       0.3  0.7 

Final  mean,  167.1 

A.D.,  0.3 
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The  agreement  of  the  cathode  values  among  themselves  is 
nearly  as  close  as  it  was  with  the  ^/«o  molar  solution  (where  the 
a.d.  was  0.8).  The  change  in  content  of  the  adjoining  portion  Mg 
is  also  very  small,  mostly  0.2  mg.  or  less,  and  has  opposite  signs 
in  different  experiments.  Even  if  this  were  added  to  the  change 
in  the  cathode  portion,  it  would  increase  the  mean  of  the  trans- 
ference values  by  only  0.2  per  cent.  The  anode  values  are  much 
more  discordant  than  the  cathode  values,  owing  to  the  more  diffi- 
cult pianipulation  involved  in  the  preparation  of  the  anode  portion 
for  analysis.*  Nevertheless,  the  agreement  of  their  mean  with 
that  of  the  cathode  values  within  0.8  per  cent,  is  a  confirmation  of 
the  substantial  accuracy  of  the  latter. 

The  final  mean  derived  from  the  earlier  determinations  at  20* 
with  Veo  molar  solutions  was  167.43  (A.D.,  0.25).  This  agrees 
with  the  final  mean  of  the  present  determinations  (167.1 ;  A.D., 
0.3)  at  20®  with  V180  molar  solutions  within  0.25  per  cent,  (and 
within  the  limits  of  the  sum  of  the  A.D.'s).  Hence  it  is  justifi- 
able to  conclude  that  the  transference-number  of  hydrochloric 
acid  does  not  change  appreciably  with  increase  of  the  dilution  after 
that  of  60  liters  is  reached.  The  equivalent  conductivities  of  the 
hydrogen  ion  derived  in  the  previous  article  and  summarized  at 
the  beginning  of  this  one  were  therefore  not  vitiated  by  this 
assumption,  which  was  made  in  their  deduction. 

The  deviation  between  these  values  and  those  derived  by 
extrapolation  from  the  conductivities  of  acids  still  requires  ex- 
planation. Whether  it  can  be  due  to  error  in  the  estimate  of  the 
effect  of  the  impurities  of  the  water  on  the  conductivities  at  great 
dilution  could  probably  be  determined  through  an  investigation 
of  that  effect.  Such  an  investigation  will  be  undertaken  in  these 
laboratories. 

Boston.  November,  1902. 

I  In  the  first  four  experiments  the  snode  renultn  had  to  be  rejected,  owing  to  the  use  in 
the  process  of  s  large  and  indefinite  amount  of  ammonium  hydroxide,  which  was  after- 
wards found  to  contain  an  appreciable  quantity  of  chloride.  In  the  later  experiments  a 
smaller  and  definite  quantity  of  ammonia  was  used,  and  itn  chlorine-content  determined 
and  subtracted. 


ON    THE  COLORiriETRIC    DETERJllNATiON    OP    SriALL 
QUANTITIES  OP  PHOSPHORIC  ACID  AND  OP  SILICA. 

By  p.  p.  Vbtch. 

Rtcdved  November  as,  i9u«. 

In  some  of  the  field  work  of  this  bureau  the  analysis  of  drain- 
age waters  and  of  water  extracts  of  soil  is  required  daily.  For 
this  purpose  the  usual  gravimetric  processes  are  deemed  imprac- 
ticable on  account  of  the  time  required,,  and  it  has  been  necessary 
to  use  more  rapid  volumetric,  colorimetric,  and  photometric 
methods. 

The  writer  suggested,  and  in  the  spring  and  early  sunmier  of 
the  past  year  made  an  examination  of,  some  known  rapid  colori- 
metric  methods  for  the  cfetermination  of  phosphoric  acid  and  of 
silica  in  these  soil  solutions.  Incidentally,  as  the  presence  of  iron 
in  considerable  amounts  introduces  errors  in  the  determination  of 
phosphoric  acid,  the  rapid  methods  for  the  detection  and  estima- 
tion of  minute  quantities  of  jron  have  received  some  attention.  As 
these  latter  methods  have  been  thoroughly  worked,  out  and  are 
quite  well  known,  but  passing  reference  need  be  made  to  them 
here. 

For  the  estimation  of  phosphoric  acid,  the  method  described  by 
Lepiere^  and  later  studied  in  more  detail  by  Woodman  and 
Cayvan*  promised  to  be  the  most  rapid  and  to  present  the  fewest 
difficulties  in  its  manipulation. 

For  the  adaptation  of  this  method  to  the  analysis  of  soil  solu- 
tions, the  influence  of  other  compounds,  both  organic  and  in- 
organic, must  be  eliminated  or  determined.  It  was  found  that 
turbidity,  organic  matter  where  it  produced  a  colored  solution, 
ammonia  salts  in  large  amounts,  iron  salts  in  small  amounts,  dis- 
solved silica  and  filter-paper  introduce  errors  which  are  not 
negligible. 

REMOVAL  OP  SUSPENDED  MATTER. 

Turbidity  may  be  removed  by  filtering  through  a  Chamberland 
filter,  which  of  course  removes  some  of  the  phosphoric  acid  from 
the  first  runnings  (see  Table  VIII).  It  may  also  be  quite 
largely,  sometimes  completely,  removed  by  evaporation  to  dryness 

1  BuH.  Soc.  Chum,,  la.  1213  (1896). 
*  This  Joarnal,  J3,  96. 
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and  filtering;  or  it  may  be  corrected  for  by  matching  the  standard 
phosphomolybdate  solution  against  the  turbid  solution  and  sub- 
tracting this  reading  from  the  final  readings.  None  of  these  pro- 
cedures is  perfectly  satisfactory,  but  nothing  better  has  yet  been 
devised.  All  have  been  used  here,  according  to  the  difficulties 
presented.  Where  filtration  will  remove  all  suspended  matter, 
this  procedure  is  to  be  preferred,  but  as  this  cannot  always  be 
accomplished,  the  Chamberland  filter  or  evaporation  must  be 
resorted  to. 

In  the  work  about  to  be  described  the  reagents  were  prepared 
as  directed  by  Woodman  and  Cayvan*  and  were  free  from  inter- 
fering substances.  The  same  lot  was  used  throughout  the  work, 
and  all  work  was  done  at  from  18^-22^  C,  the  standard  and  the 
unknown  solution  being  of  course  at  sensibly  the  same  temper- 
ature. 

'  REMOVING  ORGANIC  MATTER. 

Organic  matter  which  colors  the  solution  at  all  must  be  re- 
moved or  it  must  be  corrected  for*  as  above  described,  before 
reliable  readings  can  be  made.  To  accomplish  this,  two  methods 
were  tried :  treatment  with  aqua  regia,  and  ignition  with  magne- 
sium nitrate.  Several  treatments  with  aqua  regia  were  required 
to  insure  the  destruction  of  all  organic  matter,  after  which  the 
solutions  were  carried  to  dryness,  taken  up  with  water  and  2  cc 
nitric  acid  and  compared  in  a  reflecting  colorimeter.  The  follow- 
ing readings  were  obtained: 

Table  I. 


Amount  PfOs     Amount  P*Os 
Pnits  per  million. 

Amount  PtO».    Amount  PfOi 
Paru  per  million. 

I 

I.O                       I.O 

4 

5.0                     4.3 

2 

2.0                     I.I 

5 

7.0                   6.1 

3 

3.5                     a.4 

6 

9.0                   7.1 

We  see  that  there  is  considerable  loss  of  phosphoric  acid  from 
this  concentrated  aqua  regia  solution,  a  fact  previously  pointed 
out  by  Woodman  and  Cayvan. 

Other  phosphate  solutions  were  then  treated  with  magnesium 
nitrate  free  from  silica,  evaporated  to  dryness  with  nitric  acid,  and 
ignited  in  a  porcelain  dish  until  all  carbon  was  burned  off.  The 
residue  was  then  taken  up  with  water  and  nitric  acid,  and  com- 
pared with  the  standard  solution. 

1  Loc.  cU. 
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Table  II. 

Amount  PsO& 
•dded. 
Parts  per 

Amount  9*05 
million. 

Amnnnt  PtOt     Amount  PfOi 
Parts  per  million. 

I.O 

1.0 

8 

3.0                     2.7 

20 

1.8 

9 

1.0                     1.0 

4.0 

3.7 

10 

5.0                     5.2 

6.0 

5.9 

II 

lO.O                       lO.O 

8.0 

7-9 

9.0 

9.2 

Average  loss,  006 

7 

lO.O 

9-9 

The  loss  here  is  quite  small,  being  as  a  rule  within  the  limit  of 
error  of  the  reading.  From  these  experiments  it  appears  that  the 
organic  matter  may  be  satisfactorily  removed  without  loss  of 
sensible  amounts  of  phosphoric  acid  by  ignition  with  magnesitmi 
nitrate  and  subsequent  evaporation  with  nitric  acid.^  It  may  be 
said,  however,  that  when  the  color  due  to  organic  matter  is  not 
greater  than  0.2  to  0.3  part  per  million,  it  is  hardly  worth  while 
to  remove  the  organic  matter,  as  a  correction  may  be  made  for  it 
by  reading  the  color  due  to  organic  matter  against  the  standard, 
and  correcting  the  final  reading  by  the  reading  thus  obtained. 

The  volatility  of  phosphoric  acid  upon  evaporation  of  these 
water  solutions  is  at  first  sight  rather  startling  to  analysts,  and 
while  there  is  not  the  slightest  doubt  that  it  does  take  place  from 
solutions  of  phosphoric  acid'  and  from  disodium  phosphate  solu- 
tions, there  appears  to  be  no  reason  to  think  that  it  occurs  from 
solutions  containing  sufficient  bases  to  form  the  normal  phos- 
phates. In  no  case  has  the  writer  obtained  a  loss  from  solutions 
of  this  character.  As  phosphates  dissociate  readily,  it  seems 
possible  that  water  extracts  of  soils  may  contain  occasionally 
some  free  phosphoric  acid  or  acid  phosphates  from  which  phos- 
phoric acid  is  partly  volatilized  upon  evaporation.  That  this  does 
not  take  place  in  the  presence  of  a  large  excess  of  base,  even  from 
acid  solutions,  is  shown  positively  by  the  experiments  with  magne- 
sium nitrate. 

INFLUENCE  OP  THE  PRESENCE  OP  OTHER  SALTS. 

Ammonia  salts  in  considerable  quantities  decrease  slightly  tlie 
intensity  of  the  color  reaction.  Ammonium  nitrate  added  to  the 
unknown  solution  at  the  rate  of  0.04  gram  per  50  cc.  gave  read- 
ings on  4  parts  per  million  of  standard  of  only  3  parts,  which  in- 
creased a  little  on  standing,  but  the  solution  soon  precipitated. 

I  SnbKqoent  work  h«s  confirmed  theM  mnlU  in  every  instance. 
*  It  aeenu  powible  that  thii  appftrent  Iom  may  be  dne  to  the  formation  of  pyropbo^ 
ptwric  add.~Bi>iTOK. 


4000 

I.O 

400O 

4.0 

4000 

4.0 

8oo 

4.0 

800 

4.0 
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Ammonium  chloride  does  not  give  a  water-white  solution  always 
— ^has  a  tendency  to  be  slightly  opaque,  and  it  also  prevents  the 
full  development  of  the  color.  The  figures  obtained  are  given  in 
the  table. 

Tablb  III.— Effect  op  Ammonium  Salts. 

Parte  per  f     ^     Parts  per 

ParU  per      million  PgOt       J.I  million  PtOt  Solution  with  NH«NOi 

million  added  to  \       f      without  commenced  to 

NH4NO,.  NH4NO1  solution.   I      )      NH4NOS.  predpiute. 

=  0.7  not  in  5  min. 

=  2.0    nearly   as   dark  but  predpttited 

too  rapidly  to  be  sure. 
=-  3.0    nearly   as   dark  but  precipitated 

too  rapidly  to  be  sure. 
=  3.3    precipitated  in  50  min. 

=  3.7  "  ••  75    " 

Calcium  nitrate,  barium  chloride,  potassium  nitrate,  and 
aluminum  sulphate,  separately  and  together,  were  added  to  solu- 
tions at  the  rate  of  0.25  gram  of  each  salt  to  50  cc.  of  solution. 
None  of  these  except  the  aluminum  sulphate  aifected  the  readings 
more  than  o.i  part  per  million,  or  within  the  limit  of  error  of 
readings.  Aluminum  sulphate  in  this  quantity  gave  a  dark, 
opaque  solution  which  could  not  be  matched  satisfactorily  against 
the  standard. 

It  was  found  that  iron  salts  in  considerable  quantities  exerted 
a  marked  influence  not  only  on  the  color  of  the  solution  itself, 
in  the  first  instance,  an  influence  which  it  was  found  could  be 
corrected  for  by  reading  against  the  standard,  but  there  is  also  a 
reaction  between  the  iron  salt  and  the  molybdate,  a  reaction  which 
appears  to  bear  a  relation  to  the  amount  of  iron  present,  and  which 
possibly  may  be  used  for  the  estimation  of  the  iron  in  solution. 
As  iron  is  present  in  many  soil  extracts,  the  reaction  of  iron  with 
the  molybdate  solution  required  careful  study  in  order  to  deter- 
mine the  amounts  and  conditions  which  would  vitiate  the  phos- 
phate readings.  The  results  of  the  investigation  of  this  point  art 
given  in  Table  IV.  Unless  otherwise  stated,  the  two  solutions 
were  identical  in  all  particulars  except  that  one  contained  iron  in 
the  amounts  given  in  the  table.  The  iron  salt  was  made  from 
pure  wire,  the  solution  of  which  was  evaporated  to  dryness  several 
times  to  remove  traces  of  silica  and  hvdrochloric  acid. 
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TABI.B  IV.— Coix>&  Producbd  by  Iron  Salts  with  MoLVBDATsSoLimoN. 

Preliminary  Series. 

PmrU  per  millioii  of  PfO| 

to  cqml  color  |>rodiiGed 

by  addinc  i  port  per 

nillionPtOk  to  P« 

lolntioii  oontuSf* 

lag  molybdAte. 


1.05 
0.95 
1. 10 

I.IO 
1. 00 
1. 00 

1.00 


Firts  per 
millioDof 

Fein 
•oladon. 

ParU  per  millkm 

P«0«  to  eqtul  color 

ofPe  solution 

before 

molybdate 

wu  Added. 

Parts  per  mUlion 

PaOft  to  equal  color 

of  Pe  solution 

after  mol/bdate 

was  added  to 

Fe  solution. 

4000 

3.0 

6.5 

aooo 

.. 

3.0 

0.6 

2.5 

2000 

.. 

4.0 

•  . 

3.1 

.. 

3.0 

400 

2.2 

3.2 

aoo 

O.S 

1.6 

80 

0.2 

0.8 

40 

O.I 

0.3 

40 

0.1 

0.5 

40 

O.I 

0.5 

Final  Series. 

(O.75 

100 

0.1 

•  0.75 
0.80 
0.40 

50 

0.0 

0.40 
0.50 

20 

0.0 

fo.io 
1 0.10 

10 

0.0 

0.00 

lO.OO 

8 

0.0 

ro.oo 
1 0.00 

4 

0.0 

fO.OO 

1 0.00 

2 

0.0 

[0.00 
L0.00 

The  presence  of  less  than  20  parts  of  iron  (Pe)  per  million  of 
solution  introduces  no  appreciable  error  in  the  determination,  while 
as  much  as  50  parts  per  million  vitiate  the  phosphate  results,  unless 
the  amount  of  iron  present  is  known  and  its  reading  subtracted 
from  the  total  reading.  As  soil  extracts  seldom  contain  more 
than  0.1  to  5  parts  per  million  of  iron,  further  study  of  the  in- 
fluence of  iron  has  been  temporarily  discontinued,  but  it  is  hoped 
to  devote  more  attention  to  this  point  later.  It  is  of  course 
necessary,  where  the  presence  of  considerable  iron  is  indicated,  to 
assure  one's  self  that  not  more  than  20  parts  per  million  are  present 
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before  the  reading  can  be  accepted  as  representing  phosphoric 
acid  alone.  This  is  quite  readily  ascertained  by  adding  potassium 
sulphocyanide  or  ferrocyanide  to  the  acidulated  extract  and 
matching  the  developed  color  against  an  iron  standard.^ 

ElPFECT  OF  VARYING  THE  AMOUNT  OF  NITRIC  ACID  PRESENT. 

Woodman  and  Cayvan*  found  that  the  depth  of  color  and  the 
rapidity  with  which  it  developed  depended  to  a  certain  extent  on 
the  amount  of  reagents  present  in  the  solution,  and  further  state 
that  the  best  results  were  obtained  with  4  cc.  of  ammonium  molyb- 
date  solution  (50  g^ms  of  the  salt  per  liter)  and  2  cc.  of  nitnc 
acid  (sp.  gr.  1.07)  per  50  cc.  of  the  solution  to  be  examined. 

It  appeared  advisable  to  make  an  experimental  study  of  these 
points  in  order  to  obtain  data  on  the  allowable  variations  in 
amoimts  of  added  reagents.  To  this  end  solutions  containing 
different  amounts  of  nitric  acid  and  also  different  amounts  of 
standard  phosphate  solution  were  compared  with  solutions  con- 
taining 2  cc.  of  nitric  acid  and  4  cc.  of  molybdate.  The  results 
follow : 
Table  V.— Effect  of  Varying  the  Quantity  of  Nitric  Acid  Added. 


FINO 
Cc. 

Cc. 

Molybdate  - 
Cc. 

NatHP04       +       HNOs     +     Molybdate. 
Cc.                       Cc.                     Cc. 

1 

0.83 

2 

1.04 

3 

1. 10 

4 

i.»5 

5 

1.24 

6 

0.98 

7 

0.97 

8 

0.88 

10  I  4  0.84  2  4 

The  intensity  of  the  color  is  sharply  and  regularly  affected  by 
the  amount  of  nitric  acid  present,  and  it  is  of  particular  interest  to 
note  that  there  is  a  maximum  point  at  which  the  color  is  most 
inftense :  with  less  acid  or  with  more  acid  present  the  intensity  of 
color  is  considerably  reduced  and  it  is  evident  that  to  obuin 
strictly  comparable  results  the  standard  and  the  solution  to  be 
read  must  contain,  in  a  given  volume,  sensibly  the  same  amount  of 
acid. 

Possibly  these  results  are  also  of  interest  in  throwing  light  on 
the  precipitation  of  ammonium  phosphomolybdate  and  may  ex- 

>  Sutton *s  **  Volumetric  Amilyaia/*  eighth  edition,  p.  245. 
«  Loc.cii. 
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plain  the  results  sometimes  obtained.  It  is  a  well-known  fact 
that  the  color  of  the  precipitate  varies  with  the  amount  of  acid 
present  f rcmi  a  light  lemon-yellow  to  a  deep  orange,  and  the  speed 
with  which  the  precipitate  is  formed  also  varies  with  the  amount 
of  nitric  acid  present.  Under  the  best  conditions  this  precipitation 
takes  place  rapidly  and  is  complete ;  the  supernatant  fluid  is  prac- 
tically as  colorless  as  water,  even  when  it  contains  a  considerable 
amount  of  iron  salt.  On  the  other  hand,  under  some  other  con- 
dition the  precipitate  forms  slowly,  is  "muddy,"  filters  and  washes 
slowly,  and  shows  a  decided  tendency  to  run  through  the  filter, 
while  the  filtrate  generally  has  a  decided  color,  due  apparently  to 
the  ammonium  phosphomolybdate  still  in  solution. 

The  above  results  show  that  the  presence  of  5  cc.  of  nitric  acid 
(sp.  gr.  1.07)  per  50  cc.  of  solution  g^ves  the  most  intense  color, 
and  this  amount  has  been  adopted  for  this  work.  Whether  or  not 
this  relation  gives  the  optimum  condition  for  the  precipitation  of 
ammonium  phosphomolybdate,  remains  to  be  investigated. 

EFFECT  OF  VARYING  THE  QUANTITY  OF  MOLYBDATE. 

The  effect  of  varying  the  quantity  of  molybdate  was  studied  in 
the  same  way.  The  standard  and  the  solution  to  be  read  were 
identical  in  all  particulars  except  that  in  the  standard  the  amount  of 
molybdate  present  in  50  cc.  was  always  4  cc,  while  in  the  other 
solution  the  amount  of  molybdate  varied. 
Tabis  VI.— Effect  of  Varying  the  Quantity  of  Molybdate  Added. 

Molybdate  +   Na«HP04    -».     HNOg      =      NacHPOi    +    molybdate      +    HNOa. 
Oc.  Cc.  Cc.  Cc.  Cc.  Cc. 


2 

5 

0.85 

5 

4 

5 

1. 00 

5 

6 

5 

1.15 

5 

8 

5 

0.97 

5 

12 

5 

0.96 

5 

The  results  show  considerable  differences  due  to  varying  the 
amount  of  molybdate.  These  differences  are  not  as  great  nor  is 
the  maximum  point  as  well  defined  as  with  different  amounts  of 
nitric  acid,  and  there  seems  to  be  no  reason  for  changing  the 
amount  of  molybdate  adopted  by  Woodman  and  Cayvan  as  giving 
the  most  satisfactory  results. 

From  the  foregoing  results  it  appears  reasonably  certain  that  in 
order  to  obtain  reliable  and  comparable  results  the  standard  and 
the  unknown  solution  must  always  contain  the  same  quantities  of 
nitric  acid  and  of  molybdate  and  be  at  the  same  temperature. 


Parts  per  million 
beforefilterinff. 

I 

ParU  per  million 
after  filtering. 

1. 16 

I 

3 

M4 
2.12 

2 

5 
5.5 

2.17 
5.01 
5.50 

176  F.  P.  VEITCH. 

Should  different  workers  use  different  amounts  of  reagent,  dieir 
results  could  not  be  strictly  comparable. 

EFFECT  OF  FILTER-PAPER. 

In  the  experiments  on  the  removal  of  silica  and  also  in  some  of 
those  on  the  loss  of  phosphoric  acid  on  evaporation  of  the  solution, 
it  was  observed  that  the  readings  were  higher  than  they  should 
have  been.  As  all  the  work  was  done  in  platinum  dishes  the  only 
point  where  other  material  could  get  in  was  where  the  solutions 
were  filtered  to  remove  silica.  In  order  to  determine  if  anything 
is  taken  up  from  the  filter,  solutions  of  various  strength  were 
passed  through  7  cm.  S.  &  S.  No.  590  paper  with  the  following 
results : 

Gain,  parts 
per  million. 

0.16 

0.14 

0.12 

0.17 

0.01 

0.00 

The  filters  were  washed  until  filtrates  had  a  volume  of  50  cc 
each.  The  results  indicate  that  in  passing  through  the  filter  these 
nitric  acid  solutions  of  phosphates  have  taken  up  silica,  phosphoric 
acid  or  organic  matter  equal  to  an  average  reading  of  0.15  part 
per  million  in  four  cases,  while  in  two '  experiments  there  is  no 
apparent  gain.  It  seems  probable  that  in  these  latter  cases  the 
amount  taken  up  from  the  paper,  is  masked  by  incomplete  removal 
of  the  phosphoric  acid  from  the  paper,  in  the  volume  of  wash- 
water  used.  Beyond  a  doubt  filtration  introduces  a  plus  error, 
which  may  only  be  apparent  in  very  dilute  solutions.  Results 
given  in  this  paper  have  been  corrected  in  accordance  with  the 
above  data. 

REMOVAL  OF  Sn^ICA. 

As  it  is  necessary  to  remove  silica  from  the  solution  before  read- 
ing, it  was  thought  that  this  might  be  most  expeditiously  and 
certainly    accomplished    by    treatment    with    hydrofluoric   add. 

Repeated  trials,  however,  showed  that  this  is  not  true.  White 
the  silica,  was  completely  removed  finally,  it  was  found  that  it  was 
necessary  to  remove  all  hydrofluoric  acid  before  standardizing,  as 
the  smallest  quantity  of  fluorides  prevented  completely  the  develop- 
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ment  of  the  color.  As  at  least  three  evaporations  with  nitric  acid 
were  required  to  accomplish  the  removal  of  hydrofluoric  acid,  the 
standard  procedure  of  evaporation  with  nitric  acid  and  drying  at 
100^  for  two  hours  was  returned  to. 

The  writer's  experience  confirms  the  statement  of  Woodman 
and  Cayvan  that  a  single  evaporation  removes  completely  the 
silica  from  the  solution  in  those  cases  where  lime  and  magnesia 
salts  are  absent,  but  where  lime  and  magnesia  salts  are  present 
in  considerable  quantities,  the  amount  of  silica  remaining  in  solu- 
tion after  one  evaporation  and  filtration  is  too  great  to  be 
n^lected. 

For  the  study  of  these  points  a  solution  of  sodium  silicate  was 
prepared  which,  by  gravimetric  analysis,  gave  fnxn  first  evapo- 
ration and  filtration,  266  parts  per  million  SiO, ;  second  evapora- 
tion and  filtration,  2  parts  per  million  SiO, ;  third  evaporation  and 
filtration,  o  part  per  million  SiO^;  total,  268  parts  per  million 
SiO,. 

The  filtrate  from  the  third  evaporation  contained  no  silica  by 
the  colorimetric  method.  250  cc.  of  this  silicate  solution  were 
transferred  and  made  up  to  i  liter,  with  the  view  of  obtaining  a 
sdution  containing  about  as  much  dissolved  silica  as  is  found  in 
many  soil  extracts. 

By  calculation  from  the  above  determinations  this  contained 
67  parts  SiO,  per  million ;  first  evaporation  and  filtration  removed 
63  parts  SiO,  per  million ;  second  evaporation  and  filtration  re- 
moved 2  parts  SiO,  per  million;  total  recovered,  65  parts  SiOj 
per  million. 

By  the  colorimetric  method  the  solution  contained  65  parts  SiO, 
per  million. 

The  filtrate  from  the  first  evaporation  contained,  colorimet- 
rically,  less  than  0.05  part  per  million,  average  of  four  determi- 
nations. The  filtrate  frc«n  the  second  evaporation  contained, 
colorimetrically,  less  than  o.i  part  per  million.  The  filtrate  from 
the  third  evaporation  contained,  colorimetrically,  less  than  o.i  part 
per  million. 

In  order  to  determine  the  effect  of  the  presence  of  lime  and 
magnesia  salts,  a  solution  containing  25  mg.  of  calcium  nitrate 
and  25  mg.  of  magnesia  was  added  to  portions  of  silicate  solution 
and  silica  determined  colorimetrically  as  well  as  gravimetrically. 

Gravimetrically  obtained:  First  evaporation  and  filtration  re- 
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moved  63  parts  SiO,  per  million ;  second  evaporation  and  filtra- 
tion removed  5  parts  SiO,  per  million;  total,  63. 

Colorimetrically  obtained:  67  parts  SiO,  per  million;  caka- 
lated,  67  parts  SiO,  per  million. 

Filtrate  from  the  first  evaporation  gave,  colorimetrically,  142 
parts  SiO,  per  million.  Filtrate  from  the  second  evaporation 
gave,  colorimetrically,  o.i  part  SiO,  per  million.  Filtrate  from  the 
third  evaporation  gave,  colorimetrically,  less  than  o.i  part  SiO, 
per  million. 

From  these  results  it  appears  that  iii  the  absence  of  lime  and 
magnesia  salts  the  silica  left  in  most  soil  solutions  after  one 
evaporation  may  be  neglected,  but  in  the  presence  of  these  salts 
two  evaporations  are  necessary. 

THE  COLORIMETRIC  DETERMINATION  OF  SILICA. 

In  their  study  of  the  effect  of  silica  on  the  development  of  color, 
Woodman  and  Cayvan*  found  that  while  some  color  was  devd- 
6ped  instantly,  it  did  not  reach  the  maximum  intensity  in  less  than 
from  one  and  one-half  to  two  and  one-half  hours,  and  their  results 
further  show  that  the  color  due  to  the  formation  of  the  ammonium 
silico-molybdate  is  about  one-tenth  that  produced  by  an  equivalent 
amount  of  ammonium  phosphomolybdate.  This  reaction  appar- 
ently was  used  first  by  Jolles  and  Neurath*  for  the  determi- 
nation of  silica  in  waters.  For  our  determination  of  silica  a 
solution  of  sodium  silicate  was  prepared  and  the  silica  determined 
gravimetrically.  Portions  of  this  solution  were  compared  with 
the  standard  phosphate  solution  under  identical  conditions  as  to 
temperature,  nitric  acid,  molybdate  solution,  and  volume. 
The  data  obtained  are  given  in  the  following  table : 

Table  VII.— Readings  of  SiO,  in  Terms  op  P,Oj. 
Preliminary  Series. 


Mg  SiO|in 
solution  read. 

Mg.  PfOi  required  to  equal 
color  produced  by  SiO^. 

t  mg.  SiOs  equals 
mg  P»0». 

0.10 

0.19 

1.90 

0.10 

0.175 

1.75 

0.20 

0.35 

1.75 

0.20 

0.37 

1.85 

0.30 

0.51 

1.70 

0.30 

0.57 

1.90 

>  Loc.cU. 

'  Zisekr.  angew.  Ckem.  (1898).  p.  315. 
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Tabu  VII— (Ow/tiiMA/). 

Mf.  8iO|in  Mg  PtO|Tcq«ired  tocqnal         i  mf.  8iO|CqmU 

■olQtion  resd.  color  imklvoed  bj  8I<V  mg.  PiOi* 

aso  0.9a  1.84 

0.51  0.90  X.78 

0.70  1.35  1.93 

0.70  1.28  1.85 

i.oo  1.80  1.80 

Average,  i.8a 
Finai  Series, 

0.068  0.1265  1.86 

0.136  0.2464  i.8z 

0.204  0.3741  1.83 

0.272  0.4785  1.78 

0.340  o.59C*7  i^ 

Avenge,  i«8o 

The  table  shows  that  the  intensity  of  color  produced  by  the 
silica  is  on  an  average  1.8  times  that  produced  by  an  equivalent 
amount  of  phosphoric  add.  That  18,  the  phosphate  readings 
divided  by  1.8  or  multiplied  by  0.55  equals  SiO,.^  It  will  be  seen 
from  the  final  results,  in  which  most  reliance  is  placed — ks  they 
were  obtained  after  considerable  experience  with  the  method — that 
there  is  a  gradual  decrease  in  this  factor  with  increasing  quantities 
of  silica.  The  time  required  for  the  full  development  of  the  color 
was  much  shorter  than  found  by  Woodman  and  Cayvan,  appar- 
ently reaching  the  maximum  in  less  than  twenty  minutes,  after 
which  time  it  remained  stationary  for  some  time  and  then  slowly 
faded. 

On  the  basis  of  this  work  the  procedure  Which  I  have  adopted 
for  the  determination  of  silica  and  phosphoric  acid  in  soil  solu- 
tions is  as  follows: 

The  water  or  extract  is  tested  for  iron  by  adding  potassium 
ferrocyanide  to  the  acidified  solution.  The  absence  of  interfering 
amounts  of  iron  having  been  shown,  a  measured  volume  of  the 
water  or  soil  extract  is  freed  from  suspended  matter  by  filtration 
or  by  passing  through  a  Chamberland  filter  (reject  the  flrst  100 
cc.  that  passes)  or  by  evaporating  to  dryness  and  filtration,  or  in 
some  cases  where  the  water  is  but  slightly  turbid  the  turbidity  or 
color  is  corrected  for  by  determining  its  amount  in  terms  of  the 

'  These  TC0B1U  differ  grcAUy  from  those  iivtn  by  Woodman  end  Ceyv»n,  bat  ao  for  so 
tSae  bu  been  a^ilable  for  fnitbcr  study  of  this  point. 
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Standard,  the  reading  thus  obtained  being  afterwards  subtracted 
from  the  final  readings.  Add  to  the  clear  extract  5  cc.  of  nitric 
acid  (sp.  gr.  1.07)  and  4  cc.  of  molybdate  solution.  Place  in  the 
camera,  allow  ten  to  thirty  minutes  for  development  of  color  and 
compare  with  a  standard  phosphate  solution,  which  may  coo- 
veniently  contain  10  parts  per  million  of  phosphorus  pentoxide 
and  be  contained  in  a  sliding  tube  connected  by  rubber  tubing 
with  a  side  neck  tube  graduated  in  cubic  centimeters  within  the 
camera.  (The  color  of  the  standard  is  not  affected  by  the  rubber 
tube  during  cme  working  day,  but  the  standard  should  be  made 
fresh  each  day.)  The  readings  thus  obtained  (several  should  be 
made  and  the  average  taken)  minus  the  reading  for  turbidity, 
when  calculated  to  a  volume  of  100  cc,  equals  P,Ob  +  SiO,  in 
parts  per  million  of  solution. 

Another  measured  portion  of  the  water  or  extract  is  evaporated 
to  dryness  twice  with  a  filtration  between  the  evaporaticms  in  a 
porcelain  or  platinum  dish  with  3  cc.  nitric  acid  (sp.  gr.  1.07) 
plus  a  little  magnesium  nitrate,^  heated  two  hours  in  a  water  oven, 
5  cc.  nitric  acid  (sp.  gr.  1.07)  added,  filtered,  washed  to  about  45 
cc,  placed  in  a  camera  and  compared.  If  colored,  the  reading 
is  noted,  and  is  finally  subtracted  from  the  total  reading.  Add  4 
cc  of  ammonium  molybdate  and  thoroughly  mix.  Place  in  the 
camera  and  compare  after  two  to  five  minutes.  The  corrected 
reading  calculated  to  volume  of  100  cc  is  P,0,  in  parts  per 
million  of  solution.  This  reading  subtracted  from  the  SiOt+P«0i 
reading  and  the  difference  multiplied  by  0.55  gives  the  silica. 

Where  the  original  solution  is  too  much  colored  with  organic 
matter  to  be  accurately  corrected  for  by  reading  the  color  thus 
produced  against  the  standard  phosphate  solution,  it  is  necessary 
to  evaporate  with  about  o.i  gram  magnesium  nitrate^  and  bam 
off  the  organic  matter,  take  up  with  water  -f-  3  nitric  acid, 
evaporate  to  dryness  and  heat  two  hours  in  the  water  oven.  Add 
5  cc  nitric  acid  and  proceed  as  above.  Readings  =  PjOj.  In 
this  case  silica  is  not  determined.' 

The  results  given  in  the  following  table  have  been  obtained  in 
the  course  of  the  work. 

1  In  lolutioiis  oonUininff  suffideat  bate  to  fonn  normml  phospbatet  with  all  the  pbo»> 
phoiic  acid,  the  addition  of  magneaium  nttfate  appears  to  be  unnecessary. 

*  Or  the  organic  matter  nay  be  destroyed  by  treating  with  aqua  regia  in  the  presence 
of  sufficient  base  to  prevent  loss  of  phosphoric  aciJ. 
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TaBLB    VIII.— DBTBKMIKATION    op     SiO|    +    P1O5    IN    MfSCKTAANEOTO 

Samples. 


Parti  per  million.    FarU  per  million. 
Sodimn  phosphate  solution,  No.  i • .  • .        49.6       48.5 

2 •  ••••  ^.  I         lOI  .4 

Sodimn  siticate  solution 182.0        180.5         

Soil  extract.  No.  13 24.4           ...  2.0 

*•     14 it3.4           ..-  2.95 

"         '*         "    15 21.2         .-..  2.95 

"         **         '*     16 19.1          ....  2.95 

"         "       ist  foot 17.9         ....  7.3 

"         "       2nd    " 8.2          ....  i.o 

"       3rd    "    7.8         ....  3.1 

"         *•       4th    *•    11.9         ....  1.4 

'*     No.  2806,  sandy  truck  soil 2.0         ....  10.0 

"       '*    2795,  loam  soil 38.0          ....  8.0 

"       **         3,  clay  soil 30.0         ....  8.0 

"    2804,     '*      ••     28.0         3grav.  4.0 

Sodium  phosphate  solution,  original  solution^ 73.  i 

*•              *•              •*        first  50  cc.  through  Chamberland  filter  .  59.1 

second  50  cc.  •*                 •*              *•    ..  67.6 

thirds©     "    ••                 **               »*    ..  71.8 

left  in  50    •«    in               **              •*    ..  80.3 

rinsings  of                         **               '•    ..  80.3 

**              •'              "        original  solution 80.25 

*'              **              **        first  50  cc.  through  Chamberland  filter  54.9 

second  50  cc.       »*                 **               "  71.8 

third  50     *•        *•                 **               **  84.5 

left  in  50    "       in                '*               *'  97.2 

rinsings  of                            *•              ««  84.5 

In  pure  solutions  the  method  gives  very  close  readings  and  very 
accurate  results  on  dilute  solutions.  The  average  error  has  been 
well  within  0.2  part  per  million  of  the  solution  read  where  these 
solutions  did  not  contain  more  than  10  parts  per  million  and  the 
readings  fall  below  60  scale  divisions  on  the  colorimeter  tube. 
This  insignificant  error  of  reading  may  give  rise  to  larger  diflFer- 
ences  when  calculated  on  the  basis  of  the  dry  soil.  Should  the 
solution  to  be  examined  contain  more  than  10  parts  per  million,  its 
dilution  to  this  strength  and  subsequent  calculation  to  the  basis  of 
the  original  solution  or  to  the  dry  soil  may  so  multiply  this  error  of 
reading  as  to  render  the  results  valueless.  This  has  been  a  serious 
handicap  to  the  method.    The  use  of  more  concentrated  solutions 

^  Readings  made  for  Professor  P.  K.  Kingr. 
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is  obviously  the  rational  way  out  of  the  difficulty.  It  is  also  ob- 
vious that  here  we  are  limited  to  the  use  of  concentrations  from 
which  the  phosphomolybdate  will  not  precipitate,  within  an  hour 
or  so.  As  solutions  of  greater  concentration  than  lo  parts  per 
million  cannot  be  read  closely  in  25  mm.  tubes,  with  ordinary 
light,  and  as  larger  tubes  were  not  available,  I  have  not  tried 
greater  concentrations  in  larger  tubes,  but  in  several  experiments 
using  a  strong  standard  (between  50  and  100  parts  per  million), 
in  shallow  depths  in  the  25  mm.  tubes,  it  was  not  found  possible 
to  read  closer  than  from  0.5  to  i  part  per  million.  This  error  of 
reading,  when  calculated  back  to  the  original  solution  or  to  the 
dry  soils,  gives  as  great  an  error  as  the  closer  readings  of  the 
more  dilute  solutions,  so  this  line  of  study  was  not  carried  farther. 
In  addition  to  this  study  conducted  with  known  solutions,  the 
method  has  also  been  applied  to  the  soil  samples  sent  out  this  year 
by  the  Association  of  OfficialAgricultural  Chemists.  The  results 
thus  obtained  are  given  in  the  following  table,  with  results  ob- 
tained by  the  standard  methods  for  determining  phosphoric  acid. 
The  average  total  reading  in  scale  divisions  and  the  corrections  on 
each  sample,  also  in  scale  divisions,  are  given  in  the  table.  These 
corrections  are  for  original  color  of  the  liquid  and  for  filter 
paper. 

Tablb  IX.— Phosphoric  Acid  Soluble  in  Distilled  Water.    Parts 

PER  Million  of  Drv  Soil.    400  cc.  op  Solution  Used  for 

THE  Determinations. 


No. 

toul  ikSic 
resdingi. 

2 

13.5 

3 

lO.O 

4 

10.0 

5 

lO.O 

6 

48.S 

7 

23.0 

8 

20.0 

in  scale 

Reading 

cSl^ri. 

!^ 

readings. 

PfO». 

metric. 

metric 

1.5 

12.0 

1.50 

1.33 

1.5 

8.5 

1.06 

0.64 

1.5 

7.5 

0.94 

1.26 

3.0 

7.0 

0.87 

0.99 

5.5 

42.0 

5.60 

5.10 

2.5 

20.5 

2.56 

2.63 

3.0 

17.0 

2.12 

1.95 

The  results  given  are  all  that  the  writer  has  obtained  on  soils. 
No  determinations  have  been  rejected. 

PRECAUTIONS. 

The  method  is  so  delicate  (one  scale  division  means  one-half  of 
one  part  per  million  on  basis  of  dry  soil  when  the  solution  is  pre- 
pared by  treating  i  part  of  soil  with  5  parts  of  water  and 
taking  50  cc.  for  the  determination),  and  as  has  been  shown  there 
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are  so  many  points  at  which  errors  may  be  introduced,  that  a  final 
word  as  to  the  precautions  to  be  observed  in  handling  it  may  be 
given  with  propriety. 

The  sodium  phosphate  (Na^HPO^  +  isH^O)  from  which 
the  standard  is  made  must  be  practically  pure,  and 
be.  free,  from  silica  and  iron.  It  is  convenient  to  make 
a  solution  containing  100  parts  phosphorus  pentoxide  per  liter, 
and  then  dilute  this  to  lo  parts  per  liter  for  the  reading  standard. 
The  greatest  care  should  be  used  in  making  this  standard  as  it  is 
here  where  errors  count.  Ten  cc.  of  the  100  parts  per  liter  solution 
should  be  run  into  a  standardized  lOO  cc.  flask  from  an  accurately 
graduated  burette.  Make  up  to  volume  at  ao®-2S*  C.  with  dis- 
tilled water  (free  from  SiOj  +  ^^O^),  add  lo  cc.  of  nitric  add 
(1.07)  and  8  cc.  of  ammonium  molybdate  and  mix  thoroughly. 
This  is  the  standard  with  which  the  unknown  solutions  are  to  be 
compared  and  it  should  be  made  fresh  each  day. 

All  reagents  including  distilled  water  must  be  kept  in  Jena 
glassware,  tested  from  time  to  time  and  made  fresh  when  a  mix- 
ture of  them  shows  color  after  standing  some  time. 

As  the  colorimetric  tubes  may  have  a  slight  color  themselves, 
each  should  be  tested  and  its  reading  carefully  established.  This 
may  be  done  by  filling  the  tubes  with  distilled  water  and  reading 
them  with  a  i  part  per  million  standard. 

The  standard  and  the  unknown  solution  must  contain,  in  equal 
volumes,  equal  amounts  of  reagents  and  be  at  sensibly  the  same 
temperature. 

The  solution  must  contain  less  than  20  parts  per  million  of 
iron  (Fe). 

A  correction  must  be  established  for  each  package  of  filter-paper 
used.  This  correction  is  small,  but  not  to  be  neglected  on  S.  &  S. 
No.  590  paper. 

When  the  solution  contains  much  lime  or  magnesia  it  is  best  to 
make  two  evaporations  and  filtrations  before  comparing. 

Observing  all  precautions  and  making  all  corrections  there  is  a 

maximtun  error  of  d=  2  scale  divisions  (each  scale  division  =  i 

.cc)  in  the  reading.    When  the  soil  solution  is  made  by  treating 

I  part  of  soil  with  5  parts  of  water  and  50  cc.  are  taken  for  tlie 

determination,  the  error  on  the  dry  soil  is  :i:  2  parts  per  million  ; 
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when  100  cc.  are  taken  for  the  determination  the  error  is  ±  i  paa 
per  million,  so  that  the  working  errors  may  only  be  neglected 
when  at  least  200  cc.  of  solution  are  taken  for  the  determinatkm. 

Bureau  op  Soils, 

U.  8.  Dbpartmsnt  of  Aoriculturb, 

Wasbinotom ,  D.  C. 


A  RAPID  METHOD  FOR  DBTBRniNINQ  SULPHUR  IN  COAL 

AND  COKE. 

By  Carl  St7NX>8TROM. 

Received  November  96, 190a. 

The  necessity  for  a  rapid  method  of  determining  sulphur  in 
fuels,  led  to  the  investigation  of  the  action  of  sodium  peroxide  on 
coal.  This  reaction  was  suggested  by  Professor  S.  W.  Parr's 
pBper  on  his  calorimeter  as  given  in  this  Journal,  22,  646. 

It  was  found  that  coal  and  coke,  ignited  with  a  liberal  excess  of 
the  peroxide,  left  almost  no  residue  insoluble  in  a  faintly  add 
solution,  and  it  became  a  question  only  of  a  suitable  apparatus. 
Apparatus  was  required  that  would  be  cheap,  in  which  the  charge 
could  be  easily  ignited,  and  out  of  which  the  melt  could  be  quickly 
dissolved.  For  coke,  a  covered  nickel  crucible  of  about  30  cc 
capacity  answered  every  purpose ;  but  coal  had  to  be  confined  in  a 
bomb,  as  it  always  burned  with  explosive  violence. 

ANALYSIS  OF  COKE. 

700  milligrams  of  finely  powdered  coke  are  intimately  mixed 
with  13  grams  of  sodium  peroxide,  in  a  nickel  crucible  of  about 
30  cc.  capacity.  The  peroxide  must  be  finely  powdered  and  dry, 
and  should  be  weighed  rapidly  and  brushed  off  the  watch-glass 
with  a  glass  brush.  The  crucible  is  covered  and  a  3-inch  fuse  is 
inserted  under  the  edge  of  the  cover  and  extended  well  into  the 
mixture.  The  crucible  is  then  supported  on  a  triangle  and  placed 
in  about  }i  inch  of  water ;  the  fuse  is  ignited,  and  in  three  or  four 
minutes,  when  the  mass  has  cooled  sufficiently,  the  crucible  and 
cover  are  placed  in  a  small  beaker  and  30  cc.  water  added.  The 
mass  dissolves  completely  in  about  two  minutes.  After  :insing 
off  the  crucible  and  cover,  the  solution  is  made  just  acid  with 
hydrochloric  acid,  and  filtered  through  a  small  filter.  The  filtrate 
is  boiled  and  precipitated  with  barium  chloride  in  the  usual  way. 

The  fuses  are  made  by  nitrating  cotton  wicking  with  a  mixture 
o:  I  part  fuming  nitric  acid  (sp.  gr.  1.50)  and  2  parts  concentrated 
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sulphuric  acid  (sp.  gr.  1.84)  for  twelve  hours,  at  15*  C.  The 
nitrated  cotton  is  then  washed  in  running  water  for  twelve  hours, 
to  remove  every  trace  of  acid,  and  dried  at  laboratory  temperature. 
When  dry,  it  is  treated  with  a  cold,  nearly  saturated  solution  of 
potassium  nitrate  for  an  hour;  then  the  excess  of  solution  is 
pressed  out,  dried  as  before,  and  finally  cut  into  lengths  of  3  inches 
ready  for  use. 

ANALYSIS  OP  COAL. 

The  apparatus  consists  of  a  small,  cylindrical,  steel  bcnnb,  of  the 
following  dimensions:  ij4  '^^^^  internal  diameter,  lyi  inch  in- 
ternal depth,  sides  and  bottom  }i  inch  thick,  and  a  }i  inch  flange 


Sketch  of  bomb— full  size. 

aroimd  the  top.  A  cover  plate  Vit  inch  thick  and  i^  inch  in 
diameter,  is  clamped  on  by  means  of  a  small  clamp,  fitting  under 
the  bomb  flange  and  pressing  down  the  cover  with  one  central 
screw.  The  bottom  is  hemispherical  inside.  The  cover  is  insu- 
lated from  the  bomb  by  a  thin  mica  gasket,  and  from  the  screw  of 
the  clamp  by  a  piece  of  ordinary  red  fiber. 

700  milligrams  of  finely  powdered  coal  are  mixed  with  13 
grams  of  sodium  peroxide  in  the  bomb,  and  compressed  by  means 
of  a  small  press  or  vice.    A  No.  36  iron  wire,  4  inches  long,  is  now 
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inserted,  one  end  under  the  mica  gasket  and  touching  the  bomb, 
the  other  end  above  the  gasket  and  in  contact  with  the  cover, 
the  wire  being  looped  so  as  to  touch  the  mixture  in  the  bomb.  A 
current  of  4  amperes  is  used  to  fuse  the  wire,  one  terminal  in  con- 
«^act  with  the  bomb,  the  other  applied  to  the  cover.  After  a 
minute  or  two,  cool  the  bomb  in  a  little  water,  unscrew  the  clamp 
and  dissolve  the  mass,  treating  exactly  as  in  the  coke  analysis. 

This  method  compares  very  well  with  Eschka's  method  and 
requires  much  less  time  and  cheaper  apparatus  while  there  is  less 
liability  of  contamination  with  impure  chemicals  and  exposure  to 
gas  flames.     The  peroxide  used  seldom  contained  any  sulphates. 

The  following  are  some  of  the  results  obtained : 

Per  c«nt.  Kulphur  Per  cent  sulphnr 

by  E^hka*s  by  peroxide 

Coal  and  coke.  method.  method. 

River  View  coal 1.69  i.^ 

*    1.59  1.57 

Hocking  Valley,  pea i  .95  x  .96 

*'  '*       slack 1.690  1.694 

Coke  (mixture) 1.26  1.21 

Pittsburg  coke 0.S9  0.8S 

Con nelsville  coke T.67  1.73 

Coke  mixture 2.027  2.031 

Detroit,  October  i8, 1903. 


A  STUDY  OFHAQNESIUM  AND  flANQANOUS  HYDROXIDES 

AND  OF  BARIUM  SULPHATE  WITH  RESPECT  TO 

THE  PHENOriENA  OP  ADHESION  AND 

OF  SOLUTION. 

By  Harrison  Bastkan  Fatten. 

Receired  November  97,  190a. 

The  work  on  aluminum,^  iron,*  zinc,^  and  chromium*  has  shown 
that  the  action  of  their  hydroxides  in  carrying  down  other  sub- 
stances into  precipitation  is  chemical,  and  under  certain  conditions 
not  proportional  to  the  mass  of  precipitate.  I  have  examined  the 
action  usually  expressed  by  the  equation 

MgCl,  +  2KOH  =  Mg(OH),  +  2KCI ; 
also 

1  '*A  Thennochemical  Analysis  of  the  Reaction  betuceen  Alum  and  Potassium  HjrdroK- 
ide/'    Am.  Chem.J.^  S,  23. 

*  "A  Study  of  Ferric  Hydroxide  in  Precipitation,''    Ibid.^  19,  51a. 

>  Unpublished. 

^  "Chromic  Hydroxide  in  Precipitation,''  Ibid,^  18,  60S ;  also  "  Recherches  sur  1e  sol- 
fate  chromique,  ses  transformations  et  les  acides  complexes  qui  en  derivent/'  Anm,  cAsai. 
phy$.,  7,  4  (1895). 
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MgCl,  +  2KOH  +  K,SO,  =  Mg(OH),  +  2KCI  +  K.SO4 
to  ascertain  whether  magnesium  hydroxide  acts  in  a  similar 
manner. 

SOLUTIONS. 

Solutions  as  described  below  were  used  in  the  work : 
(i)  For  the  magnesium  solution,  20.2963  grams  of  crystallized 
magnesium  chloride  was  made  up  to  i  liter  at  20^.    This  solution 
eontained  0.0070  gram  chlorine,  and  0.00308  gram  magnesium 
oxide  per  cubic  centimeter. 

(2)  A  dilute  solution  of  potassium  hydroxide,  standardized  by 
oxalic  acid  and  gravimetrically.  It  contained  0.0261  gram  potas- 
sium hydroxide  per  cubic  centimeter. 

(3)  A  dilute  solution  of  sulphuric  acid,  standardized  against  the 
potassium  hydroxide  solution  both  volumetrically  and  gravi- 
metrically (weighed  as  KSSO4).  It  contained  0.04206  gram  sul- 
phuric acid  per  cubic  centimeter. 

As  a  preliminary  step,  the  amount  of  potassium  hydroxide  re- 
quired for  exact  precipitation  of  the  magnesium  in  Solution  ( i ) 
was  determined. 

GENERAL  METHOD. 

The  filtrates  were  analyzed  and  the  percentage  of  each  con- 
stituent found  deducted  from  that  of  the  total  introduced.  The 
difference  gives  the  percentage  of  the  constituent  in  the  precipi- 
tate, which  may  not  be  analyzed  directly,  since  washing  or  dilut- 
ing the  solution  in  which  the  precipitate  is  formed  changes  its 
composition.  In  the  case  of  magnesium,  the  precipitated  hy- 
droxide is  soluble  in  water. 

A  blank  determination  of  the  magnesium  chloride  was  made: 
50  cc.  magnesium  chloride  stock  solution  was  made  up  to  500  cc. 
at  20**,  four  portions  were  drawn  off  with  a  50  cc.  pipette  and  the 
magnesium  oxide  and  chlorine  determined  in  duplicate. 


^^^(0.0207  gram  ^J 

*    (0.0907  gram  ( 


0.0040  gram 
0.0042  gram 


.Experiments  were  now  made  with  44.24  cc.  sulphuric  acid,  neu- 
tralized to  potassium  sulphate  by«the  equivalent  amount  of  potas- 
sium hydroxide,  and  50  cc.  stock  solution  of  magnesium  chloride 
as  constant  factors,  the  magnesium  being  precipitated  by  var3ring 
amounts  of  potassium  hydroxide.    The  above  constituents  were 
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made  up  to  500  cc.  at  20° »  allowed  to  stand  twenty  minutes,  weU 
shaken  and  four  portions  of  mixed  precipitate  and  solution  drawn 
off  with  a  dry  50  cc.  pipette  and  labeled  ''totals".  The  solution  and 
precipitate  remaining  was  thrown  upon  a  dry  filter-paper,  the 
clear  filtrate  brought  back  to  20^ »  and  five  portions  drawn  off  with 
a  50  cc.  pipette  and  labeled  "filtrates". 

The  "totals"  for  magnesium  oxide  were  redissolved  by  hydro- 
chloric acid  in  some  excess,  ammonia  added  to  alkaline  reaction 
and  the  magnesium  precipitated  cold  as  magnesium  ammonium 
phosphate,  and  weighed  as  pyrophosphate. 

The  "totals"  for  chlorine  were  redissolved  by  nitric  add,  pre- 
cipitated hot  with  silver  nitrate  solution,  and  the  magnesium  re- 
moved by  a  wash-water  containing  25  cc.  concentrated  nitric  acid 
and  o.i  gram  silver  nitrate  per  liter.  The  chlorine  was  then 
weighed  as  silver  chloride. 

The  "filtrates"  for  magnesium  oxide  and  chlorine  were  analyzed 
in  the  same  manner  as  the  "totals".  As  in  the  work  with  alu- 
minum- chromium,  iron  and  zinc,  it  was  assumed  that  re-solution 
by  hydrochloric  or  nitric  acid  would  liberate  any  constituents 
carried  down  in  the  precipitation  with  potassium  hydroxide. 

It  was  considered  unnecessary  to  determine  the  potassium  oxide 
in  the  "totals"  and  "filtrates,"  for  two  reasons :  first,  because  in  all 
the  foregoing  work  in  this  line  no  carrying  down  of  potassium 
was  observed  short  of  re-solution  in  the  alkali ;  second,  the  nega- 
tive results  of  the  work  on  magnesium  oxide,  chlorine  and  sulphur 
trioxide  in  this  investigation  indicate  the  absence  of  such  action. 

No  good  method  of  separating  the  magnesium  oxide  from  the 
sulphur  trioxide  in  "totals"  and  "filtrates"  being  available,  two 
different  methods  were  used  to  ascertain  whether  the  sulphur 
trioxide  enters  into  the  reaction. 

(i)  The  amount  of  magnesium  oxide  precipitated  in  presence 
of  potassium  sulphate  by  a  definite  amount  of  potassium  hydrox- 
ide, should  be  greater  than  the  amount  precipitated  in  absence  of 
the  sulphate — if  sulphur  trioxide  enters  into  the  reaction,^ 

(2)  Magnesium  oxide  or  chloride  should  be  carried  down  into 
precipitation  by  barium  sulphate.  The  four  elements  already  men- 
tioned show  this  reciprocal  action,  as  does  also  manganese,  of 
which  I  shall  speak  later. 

>  Series  11..  '*  Chromic  Hydroxide  in  PrecipiUtion,"  ioc.  di.;  **  A  Study  of  Ferric  Hy- 
drozidc  in  PrecifiiUtion,**  ioc.  at. 
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Experiment  I. — The  system  was  made  up  according  to  the 
equation  MgCl,  +  2KOH  =  Mg(OH),  +  2KCI,  using  50  cc.  of 
magnesium  chloride  solution  to  22.2  cc.  potassium  hydroxide  so- 
lution. No  potassium  sulphate  was  introduced  here  since  the 
object  was  to  determine  if  chlorine  were  carried  down  into  pre- 
cipitation by  the  magnesium  hydroxide.  No  chlorine  was  found 
in  the  precipitate  (see  Table  I,  Exp.  I).  A  trace  of  magne- 
sium was  obtained  in  the  filtrate  by  further  addition  of  potassium 
hydroxide,  showing  that  magnesium  chloride  is  not  completely 
precipitated  by  2  molecules  of  potassium  hydroxide.  As  the 
mass  of  precipitate  was  so  small,  for  this  concentration,  and  as 
''adhesion"  in  the  cases  of  chromium,  iron,  aluminum  and  zinc 
hydroxides  is  more  marked  in  concentrated  solutions,  the  next 
two  experiments  were  made  up  each  with  six  50  cc.  portions  of 
magnesium  chloride  solution  instead  of  one  50  cc.  portion  as  in 
this  experiment. 

Experiment  II. — The  system  was  made  up  according  to  the 
equation  MgClj,  +  2KOri  =  Mg(OH),  +  2KCI  (see  Table  I, 
Exp.  II.,  for  results).  This  shows  no  chlorine  carried  down  into 
precipitation.  Since  adhesion  is  more  marked  at  incomplete  pre- 
cipitation than  at  complete  precipitation,  in  the  next  experiment  I 
used  lyi  KOH. 

Experiment  III. — The  system  was  made  up  according  to  the 
equation  MgCl,  4-  ij4KOH  =  ?  (see  Table  I,  Exp.  Ill,  for 
results).  Here  again  no  chlorine  is  carried  down  by  the  pre- 
cipitate. 

The  stock  supply  of  magnesium  chloride  being  now  exhausted, 
a  new  solution  (4)  was  made  up :  203  g^ams  MgCl,  +  6H,0 
were  dissolved  in  water  and  diluted  to  1000  cc.  of  solution  at  20* 
C.  One  50  cc.  portion  was  drawn  off  and  made  up  to  500  cc.  at 
20®  C.     Of  this  solution  each  50  cc.  contained : 


Ml 


1926  gram  ^j  J  0.3445  gram 

1925  gram  ( 0.3440  gram 


For  50  cc.  of  stock  solution  of  magnesium  chloride  (4),  212.5 
cc.  potassium  hydroxide  were  required  to  precipitate  completely 
the  magnesium.  The  calculated  amount  of  potassium  hydroxide 
was  207  cc. 

Now  the  attempt  was  made  to  ascertain  if  sulphur  trioxide  is 
carried  down  into  precipitation.       As  was  stated  in  *'General 
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Method/'  no  good  means  of  separation  being  at  hand  a  difference 
method  was  resorted  to.  The  work  on  chromium  and  iron  showed 
that  in  ar  partially  precipitated  system  (which  had  been  filtered  or 
allowed  to  settle)  further  precipitation  was  caused  by  the  addition 
of  a  little  sulphate  solution,  and  in  some  cases^  no  definite  pre- 
cipitate was  obtained  unless  some  soluble  sulphate  was  present. 
From  this  influence  of  sulphur  trioxide  on  the  amount  of  hydrox- 
ide formed  at  fractional  precipitation,  I  assume  that  if  sulphur 
trioxide  is  carried  down  into  precipitation  by  magnesium  hydrox- 
ide, the  amount  of  magnesium  hydroxide  precipitated  by,  say,  1.5 
molecules  of  potassium  hydroxide  will  be  greater  in  the  presence 
of  sulphur  trioxide  than  in  its  absence.  If  then,  the  amount  of 
magnesium  hydroxide  precipitated  by  1.5  molecules  of  potassium 
hydroxide  is  the  same  with  and  without  sulphur  trioxide  present, 
I  conclude  that  no  adhesion  takes  place. 

For  results  see  Experiments  IV,  V,  VI,  VII,  Table  I,  and 
the  accompanying  plate,  curve  6. 

The  same  amount  of  magnesia  is  precipitated  in  Experiment 
IV  with  potassium  sulphate  present  as  in  Experiment  V  with 
potassium  sulphate  absent ;  likewise  in  Experiments  VI  and  VII. 
Since  no  sulphur  trioxide  is  carried  down  into  precipitation  at 
these  fractional  points  it  was  considered  unnecessary  to  try  an 
experiment  at  complete  precipitation,  inasmuch  as  the  other  ele- 
ments worked  with  show  their  greatest  "adhesion"  activity  at 
these  points.  Further,  since  magnesium  gives  a  definite  pre- 
cipitate at  the  fractional  points  in  absence  of  sulphur  trioxide,  it 
ought  to  carry  down  chlorine  into  precipitation  if  it  exercises  the 
property  of  "adhesion";  Experiments  I,  II,  and  III  show  no 
chlorine  carried  down. 

Experiment  VIII, — It  was  determined  that  magnesium  hydrox- 
ide precipitated  from  magnesium  chloride  by  potassium  hydroxide 
in  aqueous  solution  does  not  redissolve  in  excess  of  potassium 
hydroxide. 

Experiment  IX. — Twelve  different  barium  sulphate  determina- 
tions which  had  been  made  from  solutions  containing  magnesium 
chloride,  potassium  sulphate  and  hydrochloric  acid  by  addition  of 
barium  chloride  were  treated  as  follows :  fused  with  sodium  car- 
bonate, the  alkali  washed  out  with  water,  the  insoluble  barium 

1  PnictkMMl  predpfution  of  chroiniuxn  chloride  by  lets  than  three  molecules  of  potu- 
sium  hydroxide.    See  '*  Chromic  Hydroxide  in  Precipitation."  /or.  ct'i. 
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carbonate  dissolved  in  hydrochloric  acid,  reprecipitated  by  am- 
monium carbonate  to  remoe  the  barium,  and  the  filtrate  tested 
for  magnesium  by  sodium  hydrogen  phosphate.  Not  a  trace 
of  magnesium  was  found. 

DISCUSSION. 

These  results  may  be  summarized  thus:  (i)  Magnesium  hy- 
droxide does  not  carry  down  into  precipitation  with  it  either 
chlorine  or  sulphur  trioxide.  (2)  Barium  sulphate  does  not  carry 
down  into  precipitation  either  magnesium  oxide  or  chloride.  (3) 
More  than  the  theoretical  amount  of  potassium  hydroxide  is  re- 
quired to  completely  precipitate  magnesium  hydroxide  from  a 
magnesium  chloride  solution  in  water  at  the  concentration  and 
temperature  studied.  On  this  last  point  more  work  should  be 
done. 

MANGANOUS  HYDROXIDE. 

Method, — The  general  method  used  in  this  investigation  was 
the  same  as  for  chromium  and  iron.  The  sulphur  trioxide  was 
determined  directly  in  "totals"  and  "filtrates"  after  the  manganese 
had  been  removed.  This  removal  was  effected  in  the  following 
manner :  Sodium  acetate  solution  was  added  to  the  "filtrates"  and 
"totals"  and  the  manganese  precipitated  as  MnO,  by  bromine,  the 
excess  of  bromine  boiled  off  and  the  MnOj  filtered  off,  well 
washed,  and  ignited  and  weighed  as  Mn,04.  The  filtrate  from 
this  MnOj  was  concentrated  and  the  SO,  determined  as  BaS04. 
In  the  case  of  the  "totals,"  re-solution  of  the  manganous  hydrox- 
ide was  effected  with  hydrochloric  acid  just  before  the  sodium 
acetate  was  run  in.  Occasionally  the  barium  sulphate  determina- 
tions showed  a  slight  coloration,  but  the  quantity  of  manganese 
present  was  of  course  negligible.  I  found  this  method  efficient. 
Re-solution  of  these  complex  precipitates  of  chromium,  iron,  man- 
ganese, zinc,  and  aluminum,  in  hydrochloric  or  nitric  acid  has 
in  every  case  proved  sufficient  to  split  them  into  determinable 
components. 

The  chlorine  was  determined  in  presence  of  manganese,  a  re-so- 
lution with  nitric  acid  being  first  effected,  and  then  all  manganese 
was  washed  out  of  the  silver  chloride  by  a  wash-water  containing 
25  cc.  concentrated  nitric  acid  and  o.i  gram  silver  nitrate  per  liter. 

Solutions, — A,  98.9  grams  MnClj  -f  4H2O  was  dissolved  in 
water  and  made  up  to  500  cc.  at  20**  C.    This  solution  was  found 
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to  contain  the  equivalent  of  0.05186  gram  MnO  per  cubic  centi- 
meter. B.  A  solution  of  potassium  hydroxide  containing  0.02705 
gram  KOH  per  cubic  centimeter  at  20**  C.  C.  A  solution  of 
sulphuric  acid  containing  0.04046  gram  per  cubic  centimeter  at 
20**  C. 

Experiments  I,  II,  III,  IV,  V  were  made  as  shown  in  Table  11. 
Each  system  contained  50  cc.  manganous  chloride.  Solution  A; 
44.24  cc.  sulphuric  acid,  Solution  C,  neutralized  to  potassium 
sulphate  by  75.63  cc.  of  potassium  hydroxide.  Solution  B;  and 
varying  amounts  of  potassium  hydroxide  to  cause  the  precipi- 
tation. In  every  case  the  potassium  sulphate  was  run  into  the 
flask;  next  the  manganous  chloride;  and  finally  the  potassium 
hydroxide.  Then  the  system  was  made  up  to  500 'cc.  at  20**  C. 
and  well  shaken,  whereupon  four  50  cc.  portions  were  drawn  out 
with  a  pipette  and  labeled  "totals."  The  remaining  precipitate 
and  solution  were  thrown  upon  a  dry  filter-paper,  the  filtrate  re- 
ceived in  a  dry  flask,  and  brought  back  to  20**  C.  when  four  50  cc. 
portions  were  drawn  off,  and  labeled  "filtrates."  Throughout 
the  investigation  of  chromium,  manganese  and  magnesium,  the 
same  pipette  was  used. 

DISCUSSION. 

For  results  see  Table  II ;  also  curves  7  and  8  in  the  plate.  The 
chemical  nature  of  adhesion  is  clearly  shown  here  as  well  as  in 
the  case  of  iron,  zinc,  chromium  and  aluminum.  Experiment  I 
shows  no  sulphur  trioxide  in  the  precipitate,  though  the  mass  of 
precipitate  is  a  maximum.  Experiment  II  shows  that  15.34  per 
cent,  of  the  total  sulphur  trioxide  is  in  the  precipitate,  while  the 
mass  of  precipitate  is  some  9  per  cent,  less  than  in  Experiment  I. 
Experiment  III  shows  19.3  per  cent,  of  the  total  sulphur  trioxide 
in  precipitation,  while  the  mass  of  precipitate  is  still  less  than  in 
Experiment  II.  Experiment  IV  confirms  Experiment  III,  giving 
the  maximum  sulphur  trioxide  carried  down.  Experiment  V 
shows  a  falling  off  in  the  sulphur  trioxide  in  precipitation,  but  if 
we  remember  how  small  the  amount  of  precipitated  manganous 
hydroxide  is  at  this  point  (0.5  molecule  KOH)  the  strength  of  the 
action  is  seen  to  be  considerable. 

No  chlorine  was  carried  down  at  1.5  or  i.i  molecules  o^KOH ; 
hence  this  "adhesion"  is  seen  to  be  selective — ^the  sulphur  trioxide 
is  taken,  and  the  chlorine  left. 
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I  think  it  probable  that  in  absence  of  sulphur  trioxide  the  chlo- 
rine would  be  carried  down,  since  ferric  hydroxide  shows  this 
same  selective  action  and  does  carry  down  chlorine  in  absence  of 
sulphur  trioxide. 

Since  in  the  case  of  iron,  potassium  appears  in  the  precipitate 
only  at  8  molecules  of  potassitun  hydroxide,  and  in  the  case  of 
diromium,  potassium  does  not  appear  at  all  up  to  8  molecules  of 
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2. 

potassium  hydroxide,  it  was  considered  unnecessary  to  determine 
potassium  in  the  present  investigation. 

In  the  plate,  I  have  plotted  curves  which  show  the  per  cent,  of 
oxide  and  of  sulphur  trioxide  in  the  precipitates  obtained  by  add- 
ing various  amounts  of  potassium  hydroxide  to  the  chloride. 
Ordinates  are  in  per  cent,  of  constituent ;  abscissas,  in  molecules 
of  potassium  hydroxide  required  to  produce  the  precipitate.  Curve 
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I  is  the  per  cent,  of  total  sulphur  trioxide  in  the  precipitateof  ferric 
hydroxide;  curve  2,  the  same  for  chromic  hydroxide;  curve  3,  the 
same  for  ferric  hydroxide  (produced  from  a  solutionof  ferricchlo- 
ridehavingtwicetheconcentrationofthatusedfor  curve  i).*  Curve 
7  is  the  same  for  manganous  hydroxide.  Curve  4  gives  the  per 
cent,  of  total  chromium  trioxide  precipitated  by  varying  amounts 
of  potassium  hydroxide  in  presence  of  a  fixed  amount  of  potas- 
sium sulphate.  Curve  5  is  the  same  for  ferric  oxide.  Curve  6, 
the  same  for  magnesium  oxide — ^presence  or  absence  of  potassium 
sulphate  has  no  effect  on  the  trend  of  the  curve.  Curve  8,  die 
same  for  manganese  oxide.  Curve  9,  the  same  for  zinc  oxide.* 
Curve  10  is  the  per  cent,  of  total  sulphur  trioxide  in  the  precipitate 
whose  remaining  constituent  is  altiminum  trioxide,  the  per  cent 
of  which  is  given  in  curve  ii.* 

My  results  as  plotted  in  curve  7  show  that  the  action  of  man- 
ganous hydroxide  in  carrying  down  sulphur  trioxide  into 
precipitation  is  truly  chemical  in  nature,  since  the  maximum 
carrying-down  effect  is  observed  far  short  of  the  maximum 
quantity  of  manganous  hydroxide,  as  may  be  seen  by  reference  to 
curve  8.  The  carrying  down  of  chlorine  and  of  potassium  oxide 
remains  to  be  investigated.*  The  results  show,  too,  that  the 
standard  equations  for  the  reaction  between  manganese  chloride 
and  potassium  hydroxide,  and  between  magnesium  chloride  and 
potassium  hydroxide  in  aqueous  solution  do  not  represent  the 
facts  (see  curves  6  and  8;  likewise,  9  and  ii).  The  distribution 
of  the  constituents  of  these  systems  is  dependent  upon  temperature, 
concentration,  and  the  relative  masses  of  the  constituents.  Fur- 
ther, the  composition  of  the  precipitates  as  given  in  the  tables  and 
curves  considers  the  precipitate  as  anhydrous;  unquestionably 
much  water  is  combined  in  the  gelatinous  precipitates  here 
studied,  but  owing  to  the  lack  of  a  method  of  getting  at  it  quanti- 
tatively it  has  purposely  been  left  unconsidered. 

This  work  has  a  bearing  on  the  subject  of  colloidal  solution. 
Reference  to  a  former  paper  will  show  that  it  is  possible  to  form  a 

1  Curvet  I,  5,  and  5  are  taken  from  the  the«ia  of  V.  J.  Hall,  he,  at. 

•  C  B.  UnelMrger :  This  Jonmal,  17,  358  (1895). 
«  Taken  from  Table  VI.    A.  V.  B.  Young,  he.  ciL 

*  ThU  work  waa  done  in  1896  and  I  have  kept  it  back,  hoping  to  make  the  data  mote 
complete;  however,  circumstances  h^e  not  permitted  of  it,  and  do  not  at  present.  These 
results  are  of  interest  to  those  working  on  precipitation  and  solution,  so  I  do  not  feel  jna* 
tificd  in  withholding  them  longer. 
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colloidal  solution  containing  chromium  chloritle,  potassium  chlo- 
ride and  potassium  hydroxide  all  combined  with  each  other  and 
with  water  so  that  the  equation, 

2CrCl,  +  3KOH  =  CrCls  +  Cr(OH),  +  3KCI, 
does  not  represent  the  true  state  of  the  system.  If  any  soluble 
sulphate  be  added,  this  colloidal  solution  gelatinizes.  A  nitrate 
or  chloride  will  not  produce  this  effect.  It  seems  to  me  that  this 
reaction  disposes  of  the  idea  which  had  been  advanced  that  any 
electrolyte  will  precipitate  a  colloid.^  Here  certainly  the  colloid 
seems  to  have  a  decided  preference  for  sulphates. 

BARIUM  SULPHATE. 

To  examine  further  this  "adhesion"  phenomenon,  samples  of 
barium  sulphate  were  prepared  in  two  ways :  ( i )  Precipitated  with 
sulphuric  acid  from  barium  chloride  dissolved  in  water,  and  the 
washed  barium  sulphate  boiled  for  several  hours  with  the  aqueous 
solution  of  some  metallic  chloride.  (2)  Precipitated  with  sul- 
phuric acid  from  an  aqueous  solution  of  barium  chloride  contain- 
ing the  same  metallic  chloride  used  in  Method  (i). 

These  samples  enable  one  to  decide  whether  the  coloration  of 
barium  sulphate  which  is  observed  in  samples  precipitated  in 
presence  of  salts  of  iron,  manganese,  chromium,  etc.,  is  necessarily 
enclosed  when  the  crystal  forms. 

In  this  way  I  prepared  samples  of  barium  sulphate  containing 
nickel,  cobalt,  manganese,  chromium,  iron  and  copper,  and  ex- 
amined them  under  a  high-power  microscope.  The  crystals  were 
measured  by  a  stage  and  eye-piece  combination  micrometer,  and 
averaged  0.00005  to  0.000125  inch  in  diameter. 

No  difference  in  shade  could  be  detected  between  barium  sul- 
phate crystals  prepared  by  Method  (i)  and  those  obtained  by 
Method  (2)  with  any  of  the  metals  used.  The  coloration  was 
well  marked  and  was  compared  with  that  of  freshly  prepared  pure 
barium  sulphate  on  the  same  glass  side. 

These  results  indicate  that  the  metals  given  can  penetrate 
barium  sulphate  crystals  after  they  are  formed  and  find  lodgment 
there.  But  once  these  metals  are  in  the  barium  sulphate  crystal 
it  is,  as  every  analyst  knows,  no  easy  matter  to  get  them  out. 
From  this  we  might,  without  doing  violence,  argue  for  chemical 
combination  between  the  barium  sulphate  and  the  metal  (or  its 
salt  or  oxide) .    Further,  chromic  chloride  in  aqueous  solution  is 

1  **  Cbromic  Hydroxide  in  Precipitation,'*  loc.  cit. 
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known  to  dissolve  barium  sulphate  crystals  in  appreciable  amotuit 
This  shows  that  we  have  here  a  case  of  mutual  action,  the  barium 
sulphate  dissolving  the  chromium  (in  some  form)  and  the  chro- 
mium chloride  in  water  dissolving  the  barium  sulphate.  As  ibt 
barium  sulphate  remains  solid,  we  have  another  case  of  a  solid 
solution  and  a  liquid  solution  coming  into  equilibrium  in  such  a 
way  as  to  give  ground  for  believing  that  solid  solution  and  liquid 
solution  are  of  the  same  order,  and  to  be  classed  as  diemical  com- 
binations of  solvent  with  solute. 

I  wish  to  thank  Professor  A.  V.  E.  Young,  of  Northwestern 
University,  for  many  helpful  suggestions  given  me  during  the 
progress  of  this  work. 

Cbbmicjx  X«aboratory,  UivrvBRSiTY  OP  WxacoNsiir, 
MADiaoir,  November  a6, 190a. 
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THE  QRAVIMETRIC  DETERMINATION  OP  MERCURY  AND 

ITS  SEPARATION  FROM  ARSENIC,  ANTIMONY. 

AND  COPPER. 

By  Charlbs  J.  Pkbtzpeld. 
R«celved  Decemlier  S,  190s. 

HISTORICAL. 

Mercury  Weighed  as  Chloride. — For  the  determination  of 
mercury  in  this  form,  the  following  reducing  agents  have  been 
proposed:  formic  acid,*  ferrous  sulphate,*  phosphorous  acid,' 
glucose,*  potassium  hypophosphite,**  a  mixture  of  hypophos- 
phorous  acid  and  peroxide  of  hydrogen,®  and  hydrazine  sulphate.' 

Mercury  Weighed  as  Oxide. — The  determination  of  mercury  in 
this  form  is  unimportant,  the  only  method  known  being  that  of 
Marignac* 

Mercury  Weighed  as  Metal. — Under  this  heading,  the  history  of 
mercury  determination  can  be  subdivided  into  three  classes : 

(A)  By  application  of  reducing  agents  in  the  cold. 

1  Bonsdorff  :  Ahh.  Chem.  Pkys.^  33,  78. 
-  Hempcl :  Ann.  Chem.  Pharm.,  110,  176. 
•^  Ro«e  :  Jsb,  d.  Ckeni.,  13,  665, 

*  Hager :  Ztschr.  anal.  Chem.^  17,  380. 

*  ThompAon  •  J.  Soc.  Chem.  Ind.,  16,  863. 

*  Vanino  and  Treubert :  Ber.  d.  chem.  Ge$.^  30,  a6o$-a6o9. 

'  Jannaach  and  Duraclen  :  Doctor's  Diesertation  at  Heidelberg,  1899. 
^Jsb.  d.  Chem.,  (1849).  p.  594. 
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(5)  By  application  of  heat  to  volatilize  the  mercury. 

(C)  By  electrol3rtic  deposition. 

Under  class  A  we  have  the  methods  of  Mitscherlich/  Sieve- 
king/  Jannasch  and  AlfPers,'  and  of  Jannasch  and  Durselen.^ 

Under  class  B  the  methods  of  Milton.*  Rose/  Eschka,'  Att- 
wood,*  Schuyten/  Chism,'*  and  of  Janda"  are  the  most  important. 

Under  class  C  the  most  important  methods  are  those  of  Han- 
nay,"  Clarke."  Ludwig  and  Classen,"  Brand."  Vortman," 
Rudorff,"  Smith  and  Moyer,"  Smith  and  Wallace."  Smith  and 
KoUock,"  Perreau,"  and  of  Classen." 

EXPERIMENTAL. 

About  8  liters  of  a  solution  of  mercuric  nitrate  were  made, 
and  used  for  testing  the  accuracy  of  various  methods  for  the  de- 
termination of  mercury.  The  strength  of  the  solution  was  found 
to  be,  by  electrolysis,  such  that  each  cubic  centimeter  contained 
0.01673  gram  of  mercury. 

Estimation  of  Mercury  as  Sulphide. — The  form  in  which  mer- 
cury is  most  commonly  weighed  being  the  sulphide,  a  few  experi- 
ments were  conducted  to  find  how  reliable  this  method  is. 

Twenty-five  cc.  of  the  solution  of  mercuric  nitrate  were  taken 
and  the  mercury  precipitated,  and  purified  according  to  the 
method  of  Polstorff  and  Bulow.  The  solution  was  diluted  to  a 
volume  of  250  cc.  and  saturated  with  sulphuretted  hydrogen. 
The  precipitate  was  washed  with  water  containing  sulphuretted 

>  ^gg:  Ann.  Pkys,  Chem.,  9,  39. 
s  American  Chemists  6.  160. 

*  Ber.  d.  ckem,  Ga.^  Part  II,  pp.  3381-2385. 

*  Doctor's  Dissertation  at  Heidelberg.  1899. 
»  Erd.J.,  37,  a?!. 

•£rAy.,  34,36. 

'  y.  Ckem.  Soc,  (London),  (1872).  p.  sj. 

«  Cktm.  News.  39,  iit. 

»y.  Soc.  Ckem,  ind.,  13,  475. 

>«  Ttans.  A.  I.  M.  £..  aS.  448. 

'•  y  Soc,  Ckem.  Ind„  i8,  610. 

IS  Am.  Ckem.  J..  4.  193. 

13  Ckrm.  Nevfs^  38.  273. 

"y.  (  kern.  Soc.  (London),  i,  493 

■&y.  Soc.  Ckem.  Ind.^  8. 1011. 

'•y»*.  d.  Ckem.,  p.  2403. 

"  Ztsckr.angev.  Ckem.y  (1^92).  p.  5. 

1"  Ztsckr.  amoty.  Ckem.,  4»  96.. 

1*  Thisjoumnl.  18.  169. 

^  Doctor's  DiMcrtation.  at  Univ.  of  Penua.,  1S99. 

a  y  SiK.  Ckem.  Ind.,  19. 53. 

s  •*  AtiMCC^&hlte  Methodcn  der  Analytischen  Chemie,"  Ed.  1901.  p.  49. 
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hydrogen,  and  was  then  dissolved  in  a  solution  prepared  by  mix- 
ing a  15  per  cent,  solution  of  potassium  sulphide  with  an  equal 
volume  of  a  15  per  cent,  solution  of  caustic  potash.  The  solution 
thus  obtained  was  heated  to  80^  C.  and  upon  additicm  of  am- 
monium chloride,  the  mercury  was  repredpitated  as  sulphide. 
This  precipitate  was  washed  with  a  solution  of  sulphuretted  hy- 
drogen, then  twice  with  water,  once  with  alcohol,  twice  with 
carbon  bisulphide,  and  again  with  alcohol,  dried  at  100^  and 
weighed. 

Rbsults. 

Wdi^t  of  Calculated 

HgS  lonnd.  to  Hg. 

Grmm.  Gimm. 

0.4919  0.4239 

0-3734  0.3216 

0.1665  0.1693 

BsHmation  of  Mercury  as  Chloride. — ^The  first  method  tried  was 
that  of  Hempel,  and  was  carried  out  as  follows : 

A  known  quantity  of  the  standard  solution  of  mercury  was 
diluted  to  150  cc;  0.3  gram  sodium  chloride  and  1.8  grams  fer- 
rous sulphate  were  then  added  and  the  solution  stirred  until  the 
salts  added  had  dissolved.  Caustic  soda  was  next  added  until  the 
solution  had  become  alkaline,  and  the  whole  was  stirred  for  a  few 
minutes.  Sulphuric  acid  was  then  added  to  acid  reaction  and  the 
solution  again  stirred.  The  solution  was  then  allowed  to  stand 
over  night.  The  precipitate  was  filtered  off  and  washed  once  or 
twice  with  cold  water,  dried  at  100'  C,  and  weighed. 

Results. 


Cc. 

Caloslated 
toHg. 
Gram. 

25 

0.41825 

19 

0.31787 

xo 

0.1673 

"g{?^' 

CalcuUted 

Weight  of 

Calculated 

toHg. 

HgiCl.. 

toHg. 

Cc. 

Grain. 

Gram. 

Gram. 

(^)25 

0.41825 

0.4898 

0.4161 

{B)  25 

0.41825 

0.4896 

0.4159 

(O  25 

0.41825 

0.4906 

0.4167 

(^)  25 

0.41825 

0.490s 

0.4166 

{£)  17 

0.2844 

0.3355 

0.2849 

(n  15 

0.2509 

0.2926 

0.2490 

The  next  method  tried  was  that  of  Vanino  and  Treubcrt,  in 
which  an  excess  of  sodium  chloride  is  added  to  the  solution  of  mer- 
cury, which  should  have  a  volume  of  about  100  cc,  and  then  as  a 
reducing  agent  a  slight  excess  of  a  mixture  containing  one  drop 
of  commercial  hypophosphorous  acid  to  every  cubic  centimeter  of 
peroxide  of  hydrogen  is  added  drop  by  drop,  while  stirring.  The 
solution  is  allowed  to  stand  one  hour,  filtered  on  balanced  filters 
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and  quickly  washed  with  hydrochloric  acid,  and  finally  with  water. 
The  temperature  used  for  drying  was  105**  C. 

Rbsui^ts. 
Hg(; 


[NO,), 

Lken. 

Cc 

CalcuUted 
toHg. 
Gram. 

Weigrht 

of  Hg,Cl,. 

Gram. 

Calculated 

to  Hit. 

Gram. 

25 

0.41825 

0.4893 

04156 

25 

0.41825 

0.4892 

0.4155 

21 

0.35133 

0.4105 

0.3486 

10 

0.16730 

0.1955 

0.1660 

15 

0.25096 

0.2937 

0.2494 

By  a  slight  modification  of  this  method,  very  accurate  results 
were  obtained.  Instead  of  converting  the  mercury  and  then  re- 
ducing, the  reducing  agent  was  added  first  and  after  stirring  for 
about  one  minute,  an  excess  of  sodium  chloride  was  added.  A 
heavy  curdy  precipitate,  very  similar  in  appearance  to  that  of  silver 
chloride,  was  thrown  down  immediately  and  settled  very  rapidly. 
The  other  conditions  of  the  above  method  were  maintained.  The 
accuracy  of  the  results  obtained  in  this  manner  can  be  judged 
from  the  following  table. 

rbsui^ts. 


*(NO,), 

taken. 

Cc. 

Calculated 
toHg. 
Gram. 

Weight 

ofHg^U. 

Gram. 

Calculated 
to  Hg. 
Gram. 

13 

0.21749 

0.2556 

0.2171 

19 

0.31787 

0.3736 

0.3173 

15 

0.25095 

0.2951 

0.2506 

15 

0.25095 

0.2953 

0.2508 

10 

0.16730 

0.1972 

0.1675 

10 

0.16730 

0.1972 

0.1675 

IQ 

0.16730 

O.I971 

0.1674 

The  explanation  for  the  rapid  formation  of  this  precipitate,  is 
that  mercury  in  the  form  of  nitrate  is  reduced,  and  this  salt  of 
mercury  being  much  more  dissociated  than  the  chloride,  the  re- 
action takes  place  in  a  much  shorter  period  of  time.  The  disad- 
vantage of  the  above  is,  however,  that  mercury  is  usually  in  the 
form,  of  chloride,  and  for  this  reason  the  method  cannot  be  applied 
very  generally. 

The  next  method  tried  was  that  of  H.  Rose.  It  was  conducted 
in  exactly  the  same  manner  as  that  of  Vanino  and  Treubert,  the 
only  difference  being  that  phosphorous  acid  is  used  as  a  reducing 
agent,  and  that  the  precipitate  was  allowed  to  settle  over  night. 
The  results  are  quite  low,  probably  due  to  the  strong  reducing 
action  of  phosphorous  acid.    The  precipitate  had  a  grayish  color 


Cc 
25 

Calculated 
toHg. 
Grmm. 

0.4182 

14 
17 

0.2342 
0.2844 

13 
17 
20 

0.2175 
0.2844 
0.3346 

Hf(NO,), 

Uken 

Cc 

CalcuUted 
toHg. 
Gram. 

10 

0.1673 

15 

0.2509 

10 

0.1673 

10 

0.1673 
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and  also  showed  a  tendency  to  run  through  the  paper.  The  results 
obtained  are  as  follows : 

Results. 

Wciffht  Oatonlated 

of  HbCl^  to  Hf . 

Gram.  Granu 

0.488r  0.4146 

0.2726  a23i6 

0.331:  0.2812 

0.2530  0.2149 

0.3313  0.2814 

0.3913  0-33U 

When  the  reducing  agent  was  added  before  converting  the 
mercury  to  chloride,  the  following  results  were  obtained : 

Results. 

Weight  CalcuUted 

ot  HgfCW.  to  Bg. 

Gram.  Gram. 

0.1970  0.1673 

0.2959  0.2514 

6.1968  O.167I 

0.1963  0.1667 

The  quality  of  the  precipitate  obtained  in  this  way  was  the 
same  as  that  obtained  by  similarly  modifying  Vanino  and  Trea- 
bert's  method. 

Estimation  of  Mercury  as  Arsenate. — Since  the  percentage  of 
mercury  in  mercury  arsenate  is  smaller  than  in  mercury  sulphide 
or  chloride,  the  error  caused  by  manipulation  will  of  course  be 
smaller  than  if  the  mercury  formed  a  larger  proportion  of  the 
precipitate.  That  an  arsenate  of  mercury  exists,  is  known  ,^  but  no 
attempt  had  ever  been  made  to  weigh  the  mercury  in  this  form. 
Those  conditions  were  consequently  sought  which  would  precipi- 
tate the  metal  completely  and  give  the  most  accurate  results.  By 
the  following  method  good  results  were  obtained.  To  a  cold 
solution  of  mercuric  nitrate,  of  a  bulk  of  about  100  cc.,  about  ao 
cc.  of  a  saturated  solution  of  sodium  arsenate  was  added,  this 
being  an  excess.  A  heavy  yellowish-white  precipitate  of  mer- 
curic arsenate  was  immediately  formed,  and  settled  rapidly,  but  in 
order  to  insure  complete  precipitation,  it  was  found  best  to  allow 
the  solution  containing  the  precipitate  to  stand  for  about  five 
hours.  The  solution  was  then  filtered  through  balanced  papers, 
and  the  precipitate  was  washed  with  cold  water,  dried  at  95^  C. 
to  100**  C.  and  weighed. 

A  Damiier*fl  **  Anorganiacbe  Chemie,**  II«  p.  9ai. 


Results. 

Calculated 
toHR. 
Gram. 

Weight  of 

Hg,<As04). 

(;itini. 

Precipitate  calcula- 
ted to  Ilg. 
Gram. 

0.2509 

0.3674 

0.2509 

0.2509 

0.3677 

0.2512 

0.2509 

0.3671 

0.2508 
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IIsr(NO,)« 

taken. 

Cc. 

15 

15 

15 

These  results  are  sufficiently  accurate  for  any  requirements, 
and  the  method  is  extremely  simple.  Unfortunately,  however, 
the  mercury  is  not  precipitated  as  arsenate  from  a  chloride  solu- 
tion, thus  limiting  the  application  of  the  method  considerably. 
The  presence  of  a  small  amount  of  free  nitric  acid  did  in  no  way 
interfere  with  the  accuracy  of  the  results. 

Electrolytic  Determination  of  Mercury, — Two  methods  only 
were  used,  the  purpose  having  been  more  to  determine  the 
strength  of  the  standard  solution  used,  than  to  compare  the 
methods. 

In  the  first  method  the  conditions  proposed  by  E.  F.  Smith 
were  tried. 

Results. 

Tern-  Mercury 

Hg(NO»)t    KCN.      Dilution.  '  perature.         found. 

Cc.        Gram.  Cc.  Current.  Voltage.         'HI.  Gram. 

10  0.8  100        N.D.,oo.=  o.07  A        32  65  0.1675 

10  0.8  100        N.D.,<^>  =  0.07  A        3.2        .   65  0.1663 

The  Other  method  was  from  a  solution  of  the  double  sulphide 
of  mercury  and  potassium.    The  conditions  and  results  were : 

Tern-     Mercury 
HK(NOt}t     KfS.  Dilution.  perature.     found. 

Cc.  Cc.  Cc.  Current.  Voltage.     **C.         Gram. 

10        20-25         125-130        N.D.,oQ  =  o.i2  A         2>i         70        0.1672 

10        20-25       .125-130       N.D.,oo  =  o.i2  A        2>i        70        0.1673 

From  these  results,  the  strength  of  the  solution  in  terms  of 
mercury  was  0.01673  gram  for  each  cubic  centimeter. 

All  of  the  most  important  methods  for  the  gravimetric  estima- 
tion of  mercury  having  been  tried,  it  was  concluded  that,  when 
accuracy  is  desired,  the  following  methods,  only,  will  give  satis- 
factory results. 

First,  the  method  of  Vanino  and  Treubert,  as  modified,  page  201. 

Second,  the  method  of  Rose,  as  modified,  page  201. 

Third,  the  determination  of  mercury  as  arsenate,  described  on 
page  202. 

Fourth,  the  determination  of  mercury  by  electrolysis. 

Unfortunately  the  first,  second  and  third  methods  above  re- 
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ferred  to  cannot  be  used  when  the  mercury  is  in  the  form  of  chlo- 
ride, the  first  and  second  yielding  low  results,  and  the  third  being 
impossible  since  no  precipitate  is  formed.  The  precipitation  of 
mercury  as  sulphide,  on  the  other  hand,  permits  of  very  wide 
application.  The  precipitation  as  such  is  always  rapid  as  well  as 
complete,  but  if  weighed  in  this  form  it  yields  high  results  on 
account  of  the  separated  sulphur  present.  The  precipitation  in 
this  form  is  however  of  great  value,  not  only  because  it  acts  in 
many  cases  as  a  separation,  but  also  because  the  precipitate  can 
easily  be  dissolved  and  electrolyzed  from  the  solution  thus  ob- 
tained, yielding  most  satisfactory  results.  This  method  was  used 
in  the  succeeding  work  on  the  separation  of  mercury. 

The  Separation  of  Mercury  from  Arsenic,  Antimony  and 
Copper. — The  most  important  methods  for  this  separation  are 
those  of  Rose,*  Fresenius,*  Polstorff  and  Bulow,*  v.  Uslar,* 
Jannasch  and  Lenhert,'  Jannasch  and  Devin,*  and  Jannasdi  and 
Durselen.^ 

As  these  methods  either  afford  low  results  or  require  an  ex- 
cessive amount  of  manipulation,  a  simpler  and  more  accurate 
method  was  sought. 

^JCPERIMENTAL. 

Separation  of  Mercury  from  Antimony  and  Copper  by  the  Use  of 
Sulphuretted  Hydrogen  in  a  Cyanide  Solution, 

Separation  of  Mercury  from  Copper, — Although  it  was  already 
known  that  mercury  could  be  separated  from  copper  by  saturating 
a  cyanide  solution  of  the  two  metals  with  sulphuretted  hydrogen,* 
no  attempt  has  been  made  to  separate  mercury  from  antimony 
and  arsenic  by  a  method  based  on  the  same,  or  on  a  similar  prin- 
ciple. Before  going  further,  it  was  considered  advisable  to  test 
the  accuracy  of  the  method  of  Haidlen  and  Fresenius  for  the 
separation  of  mercury  from  copper.  The  results  were  found  to 
be  satisfactory. 

1  Jtb,  d,  Chem,,  13,  665. 

•  Ztschr.  anal.  Chem.,  j,  343  (1863). 
»  /did.,  31.  697. 

*  Ibid.,  34,  411. 

»  Ztsckr.  anorg.  Chem.,  ij,  [5],  35^364. 

•  Ber.  d.  chem.  Ges.,  31,  a,  2377-2385. 

T  Doctor'8  DlMcrtation,  Heidelberg,  1899  ;  Ibid.,  Heidelberg.  1899. 

*  Haidlen  and  Preaenius :  Ann.  CMem.  Pkarm.,  43,  144  (1843). 
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Rksui^ts. 

taken. 

Hg(NO,),  calcu- 
lated to  Hg.                     CvL  taken. 

Hg  found. 
Gram. 

Cc. 

Cram.                             Gram. 

9 

0.1505                             0.05 

0.1497 

10 

0.1673                             0.05 

0.1666 

10 

0.1673                             0.05 

0.1670 

10 

0.1673                             0.05 

0.1667 

10 

0.1673                             0.15 

0.1672 

10 

0.1673                             0.15 

0.1674 

10 

0.1673                             0.30 

0.1671 

10 

0.1673                             0.30 

0.1670 

Separation  of  Mercury  from  Antimony  and  Copper. — The 
above  method  was  tried  for  the  separation  of  mercury  from  solu- 
tions containing  antimony  and  copper,  and  although  good  results 
were  obtained,  the  process  was  inconvenient  owing  to  the  partial 
precipitation  of  antimony,  upon  adding  potassium  cyanide.  In 
the  presence  of  tartaric  acid,  it  was  found  that  antimony  remains 
completely  in  solution  a;id  that  upon  saturating  the  solution  with 
sulphuretted  hydrogen,  only  mercury  is  precipitated. 
Separation  of  Mercury  from  Antimony,  Arsenic  and  Copper  by 
the  Use  of  Tartaric  Acid,  Potassium  Cyanide 
and  Sulphuretted  Hydrogen. 

Separation  of  Mercury  from  Antimony  and  Copper. — To  a 
clear  solution  of  the  three  metals,  about  30  cc.  of  a  saturated  solu- 
tion of  tartaric  acid  was  added  and  the  solution  stirred  for  one  or 
two  minutes.  Potassium  cyanide  was  then  added  in  small  amounts 
at  a  time,  until  the  solution  became  clear.  While  adding  the  latter 
reagent,  it  was  found  necessary  to  stir  the  solution  continually  in 
order  to  dissolve  the  potassium  cyanide.  Hydrogen  sulphide  was 
then  led  into  the  solution,  until  saturated,  and  the  precipitate  of 
mercury  sulphide  was  allowed  to  settle.  This  precipitation  was 
performed  in  the  cold,  as  there  is  some  danger  of  losing  a  little 
mercury  with  the  escaping  fumes.  The  precipitate  of  mercury 
sulphide  was  then  filtered,  dissolved  and  electrolyzed. 

Resui,ts. 

HR(NOs)t  Calculated 

Uken.                    to  Hg.  Sb  taken.  Cu  taken.  Hg  found. 

Cc.                      Gram.  Gram.  Gram.                     Gram. 

10                      0.1673  O.lo  0.10                     0.1672 

10  0.167  J  o.io  0.10                    0.1665 

8  0.1338  0.20  0.20  0.1328 

9  0.1505  0.20  0.20  0.1509 

11  0.1840  0.30  0.30  0.1S40 

12  0.2007  0.30  0.30  0.2005 
9  0.1505  0.10  0.30  0.1510 

10  0.1673  0.10  0.30  0.1669 
8                    0.1338                   0.30                   0.10  0.1339 

11  0.1840  0.30  0.10  0.1844 
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The  conditions  for  this  sq>aration  were  found  to  be  very  broad, 
thus  rendering  the  method  one  which  can  be  carried  out  with 
great  facility.  The  minimum  amount  of  potassium  cyanide  re- 
quired is  an  excess  of  i  or  2  grams.  It  is  safer  to  add  an  excess 
of  2  or  3  grams  so  that  the  solution  will  be  strongly  alkaline. 
Any  excess  beyond  this  amount  does  no  harm.  The  dilution  also 
permits  of  wide  limits.  The  smallest  bulk  which  was  used  in  the 
above  determinations  was  about  150  cc.  and  the  largest  about  500 
cc.  In  both  of  these  experiments  the  results  were  accurate. 
Furthermore,  the  solution,  alkaline  with  potassium  cyanide,  was 
allowed  to  stand  for  more  than  two  hours,  with  no  perceptible 
change.  Nor  did  standing  for  two  or  three  hours  after  precipita- 
tion with  hydrogen  sulphide  interfere  in  any  way  with  the  final 
result.  The  advantage  of  the  tartaric  acid  in  the  solution,  over 
the  method  first  attempted,  where  no  tartaric  acid  was  used,  is 
firstly,  that  no  precipitate  of  antimony  is  formed,  thereby  avoid- 
ing the  necessity  of  an  additional  filtration,  and  in  case  a  determi- 
nation of  antimony  is  required,  the  solution  of  this  precipitate  is 
avoided.  The  red  color  formed  in  the  former  method  is  com- 
pletely absent  in  the  presence  of  this  acid.  In  most,  if  not  all 
cases,  however,  the  solution  becomes  pale  orange,  which  is  not  in 
the  least  an  objection.  Again  when  no  tartaric  acid  is  used,  it  is 
always  fatal  to  use  potassium  cyanide,  containing  sulphur^  since 
mercury  is  precipitated  as  sulphide  and  is  consequently  filtered  off 
with  the  antimony  and  copper.  When,  on  the  other  hand,  tartaric 
acid  is  present,  a  black  precipitate  of  mercury  sulphide  is  formed 
which  can  be  filtered  off  with  the  main  precipitate  of  mercury  sul- 
phide, precipitated  by  hydrogen  sulphide. 

Separation  of  Mercury  from  Arsenic,  Antimony  and  Copper, — 
The  next  separation  attempted  under  these  same  conditions  was 
the  separation  of  mercury  from  arsenic.  A  solution  of  sodium 
arsenate  was  made  up  of  a  strength  of  about  i  per  cent,  of  metal. 
The  results  of  the  separations  were  very  satisfactory. 
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To  determine  if  mercury  could  be  separated  from  antimony, 
arsenic  and  copper,  experiments  were  made  with  the  following 
results : 

Hg(N0,>9       Calculated 
taken.  to  Hg.  Cu  taken.         Sbtnken.         A«  taken.  Hg  found. 

Oc  Gram.  Gram.  Gram.  Gram.  Gram. 

9  0.1506  0.05  0.05  0.05  0.1509 

9  0.1506  0.05  0.05  0.05  0.1507 

It  was  also  attempted  to  separate  mercury  from  tin  but  the  re- 
sults were  very  low.  This,  although  it  could  not  be  accounted 
for,  is  of  interest,  since,  in  the  method  of  Polstorff  and  Bulow 
where  mercury  is  separated  by  dissolving  the  sulphide  in  alkaline 
sulphide  and  then  reprecipitating  it  as  sulphide  on  addition  of 
ammonium  chloride,  some  mercury  is  also  withheld  by  tin  if 
present.*  The  method  of  v.  Uslar,*  in  which  phosphorous  acid  is 
used  to  separate  mercury  from  the  metals  of  the  fifth  and  sixth 
group  is  useless  also,  if  tin  is  present.  Bismuth  and  lead,  if 
present,  are  completely  precipitated  with  the  mercury  as  sulphides, 
from  which  they  are  separated  by  digestion  with  an  alkaline  sul- 
phide. 

MERCURIAL  ORES. 

A.  Analysis  of  Cinnabar, — Cinnabar,  being  the  most  impor- 
tant ore  of  mercury,  it  seemed  well  worth  while  to  compare  one  or 
two  of  the  most  important  methods  for  the  determination  of  that 
metal  therein. 

The  most  important  methods  for  the  determination  of  mercury 
in  cinnabar  are  those  of  Classen,'  Rising  and  Lenher,^  Smith  and 
Wallace,"  Chism®  and  a  number  of  distillation  methods. 

By  the  method  of  Smith  and  Wallace,  the  ore  was  found  to 
contain  16.0  per  cent,  and  16.02  per  cent,  of  mercury.  Chism's 
method  was  tried  with  various  modifications,  yielding  the  follow- 
ing results : 


ore  taken. 

Hg  found. 

Gram. 

Per  cent. 

0.29755 

13.81 

0.22440 

13.68 

O.1661 

15.35 

0.1301 

15.14 

0.1384 

15.32 
13.87 

0.1584 
0.4625 

13.91 

>  Claaaen  :  **  Auagewilhlte  Methoden  der  Analytischen  Chemie."  p.  63. 

•  ZUckr.  amal.  Chem.,  34, 991  (1895). 

*  "  Anagewihlte  Methoden  der  Analytiachen 

Chemle," 

Ed. 

1901.  p.  50. 

*ThiiJoaniaI,.,«,96(i896). 

•  nrid,,  18. 169  (1896). 

•  Trow.  A.  I,  AT.  B..  aS,  148  (1898). 
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Another  method  tried  on  cinnabar  was  the  distillation  of  a 
large  amount  of  mercury  from  the  ore,  which  had  been  mixed 
with  iron  filings.  An  ordinary  glass  retort  was  used  and  the  mer- 
cury was  caught  in  very  dilute  hydrochloric  add.  The  purifica- 
tion of  the  mercury  was  earned  out  by  treatment  with  successive 
portions  of  dilute  hydrochloric  acid.  It  was  finally  poured  into  a 
weighed  porcelain  crucible  and  dried  after  having  been  washed 
with  alcohol,  two  or  three  times. 

Results. 

Ore  Uken.  Iron  filings  taken.  Hff  found.  Hg  foand. 

Gittnu.  Gnims.  Grams.  Per  cent 

22.5214  175  3.5>63  15.61 

24.1709  180  3.7402  15.47 

B.  Analysis  of  Mercurial  Tetrahedrite. — Although  earnest 
and  repeated  efforts  were  made  to  procure  specimens  of  mercurial 
tetrahedrite,  the  only  one  that  could  be  obtained  contained  bat 
0.3  per  cent,  of  mercury.  This  was  considered  too  low  to  show  a 
just  comparison  of  the  methods,  so  a  mixture  of  cinnabar  and 
tetrahedrite  was  made  and  analyzed  in  the  same  way. 

In  applying  the  method  in  which  tartaric  acid  and  potassium 
cyanide  are  used,  the  decomposition  of  the  mineral  and  mixture 
were  effected  in  the  manner  described  by  Rose  and  Wohler.  The 
solution  obtained  was  then  filtered.  To  the  filtrate,  tartaric  add 
was  added,  then  potassium  cyanide  and  this  was  followed  by  the 
addition  of  sulphuretted  hydrogen.  The  precipitate  of  mercuric 
sulphide  was  then  filtered  from  die  solution  and  treated  as  already 
described.  If  lead  and  bismuth  are  present,  they  also  will  be 
precipitated  and  can  be  separated  from  the  mercuric  sulphide  by 
any  of  the  well-known  methods.  All  of  the  other  metals  likely  to 
be  found  in  tetrahedrite  remain  in  solution. 

RBSni.TS. 

Amount  of  Mercury 

mineral  taken.  found.  Mercury. 

Gram.  Gram.  Per  cent. 

0.9153  0.0012 

1 .0474  O.OOT4 

1.0500  0.0015 

1. 1986  0.0042  0.35)  Tartaric  add  and  potas- 

1.0278  0.0039  0.38)  slum  cyanide  method. 

0.8581  0.0756  8.81  I  ,,  ^^    ,    .  „ 

'  Method  of  Rose 


^j^)  Method  of  Rose 
^;^J  I  and  Wohler. 


t.8i  ■)  . 


T  «It^  «  ««,  t  «  Z-  C  and  Wohler. 

1.0310  0.0931  9.0*  * 

0.8853  0.0845  9-54 1^  .^       ,    ^ 

0.9139  0.0874  9.56  f  T*^*"^  '??  ""^^ 

0.859a  0.0814  9.47  \  ^'"""  ^y**"*^^  "^^^"^ 


CALCULATION  OP  THERMOCHBMICAL  RESULTS.  209 

These  results  show  conclusively  that  the  separation  of  mercury 
from  arsenic,  antimony,  and  copper,  by  the  use  of  tartaric  acid  and 
potassium  cyanide  is  more  complete  and  consequently  more  accu* 
rate  than  by  the  use  of  ammonium  sulphide. 

Chism's  method  also  was  tried  on  the  tetrahedrite,  with  good 
results.  This  seems  to  prove  this  method  very  good  for  ores  run- 
ning low  in  mercury. 

The  results  obtained  by  Chism's  method  were  0.27  per  cent,  and 
0.33  per  cent,  of  mercury. 

As  this  work  was  carried  out  under  the  suggestion  and  guid- 
ance of  Professor  E.  H.  Miller,  it  is  but  just  and  proper,  th^t  any 
merit  which  it  may  possess  be  associated  with  his  name. 

QuAimTATxvB  Laboratory, 
May,  X903. 


NOTECONCERNINQ  THE  CALCULATION  OF  THERnOCHEM- 
ICAL  RESULTS. 

By  Thbodorb  Wiz,x,zam  Richarzm. 

Rec«lv«d  Dacember  lo.  t9M. 

It  is  well  known  that  the  heat  capacities  of  the  majority  of 
reacting  substances  change  during  their  reaction.  The  magnitude 
of  these  changes  and  their  significance  are  nevertheless  often 
neglected. 

A  serious  error  may  arise  from  this  neglect.  For  example, 
according  to  the  results  of  Thomsen,  the  neutralization  of  an  ap- 
proximately half  normal  solution  of  sodium  hydroxide  by  an 
equivalent  solution  of  hydrochloric  acid  involves  an  increase  of 
heat  capacity  of  1.27  per  cent.*  The  question  now  arises,  since 
the  solutions  themselves  are  the  capacities  being  warmed,  What 
value  for  the  total  heat  capacity  shall  be  used  in  the  calculation  of 
the  heat  of  reaction  ?  Obviously  the  energy-change  will  be  found 
to  be  1.27  per  cent,  greater  if  the  final,  rather  than  the  initial,  heat 
capacity  is  used.  The  answer  to  this  question  is  variously  given 
in  the  different  authorities  upon  thermochemistry.  Ostwald  and 
Luther  in  their  admirable  handbook'  use  the  sum  of  the  initial 
heat  capacities;  Thomsen  often  uses  the  capacity  of  the  water 
alone;  Berthelot  commonly  considers  the  capacity  as  equal  to  that 

^  Thonuen  :  "  Ttacrmocbemische  Untenuchungen,"  I,  p.  67  (1883). 
'  Oitwakl-Ifiitlier :  Pkysiko-CkeMische  Messungen^  (1902),  p.  314. 
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of  the  same  volume  of  water,  and  Wiedemann  and  Ebert/  as  well 
as  Traube,'-  recommend  similar  crude  approximations. 

It  is  probable  that  all  of  these  writers  understood  wholly  the 
conditions  involved  by  their  respective  methods,  but  it  is  certain 
that  they  have  not  made  this  understanding  clear  to  the  public 
The  resulting  frequently  observed  confusion  among  students  of 
physical  chemistry  concerning  this  point  has  therefore  led  to  the 
present  paper.  This  paper  does  not  pretend  to  claim  originality; 
it  is  desig^ned  rather  to  further  a  general  comprehension  of  the 
subject,  and  thus  to  add  to  precision  of  work  and  statement. 

Obviously,  since  changing  heat  capacity  means  changing  heat 
of  reaction  with  changing  temperature,'  the  precise  thermo- 
chemical  reaction  should  be  conducted  isothermally.  In  many 
cases,  Waterman's  method,  which  consists  in  dropping  into  a 
warming  mixture  known  weights  of  cold  material  and  vice  versa,* 
may  make  this  isothermal  performance  possible.  Here  the  calcu- 
lation is  very  simple,  for  the  heat  capacity  to  be  considered  is 
merely  that  of  the  compensating  foreign  material, — unless  indeed 
this  substance  in  the  act  of  mixing  changes  its  own  heat  capacity. 
Waterman's  method  is,  however,  rarely  employed ;  the  more  usual 
method  is  to  allow  the  reacting  substances  to  raise  or  lower  the 
temperature  of  their  resulting  mixture  adiabatically,  that  is,  with- 
out releasing  or  gaining  heat.  Nothing  could  be  simpler  than 
the  calculation  of  this  adiabatic  process  in  terms  of  an  isothermal 
one ;  and  this  calculation  at  once  clears  away  the  confusion  before 
mentioned. 

Imagine  for  the  sake  of  definiteness  a  warming  reaction.  Ac- 
cording to  the  first  law  of  energy,  the  isothermal  evolution  of  heat 
in  the  reaction  may  be  as  well  measured  in  two  stages  as  in  one. 
Hence,  after  the  reaction  is  completed  without  loss  of  heat,  the 
mixture  may  be  cooled  down  to  the  original  temperature ;  and  the 
heat  given  out  during  this  cooling  will  be  the  total  heat  of  reaction 
at  that  temperature.  This  value  will  be  found  by  multiplying 
the  heat  capacity  of  the  product  of  the  reaction  by  the  change  of 
temperature,  since  it  is  this  product  which  is  to  be  cooled. 

The  proceeding  may  be  represented  graphically  by  the  right- 

I  WiedcRiann-Bbert :  Pkystkalischts  Fraktikum  (1899). 
>  Traube'8  (trans.  Hardin; :  "  Physical  Chemical  Methods,"  1898. 
^  Kirchhoff*8  Law  ;  see  alaoThomsen:  " Thermochemische  UntertuchnngcB/*  I,  p.^ 
(iS8a). 

*  Waterman  :  I^ys.  Rev,,  4, 161  (1896);  see  also  Cadyt/rar  Fkys.  Ck^m.,  9,  561  (189B). 
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angled  triangle  A  B  C  in  the  accompanying  diagram,  in  which  A 
represents  the  initial  state  of  the  system,  A  B  the  adiabatic  pro- 
cess, B  C  the  cooling  process,  and  A  C  the  desired  isothermal  loss 
of  energy. 

Does  this  demonstration,  proving  that  the  capacity  of  the 
products  must  be  used  in  order  to  obtain  the  true  heat  of  reaction 
at  the  initial  temperature,  render  valueless  a  knowledge  of  the 
capacity  of  the  factors  ?  Not  at  all ;  for  it  is  easy  to  show  that  the 
heat  of  reaction  computed  from  the  specific  heats  of  the  factors  is 
that  corresponding  to  the  final  temperature.    Let  us  consider  the 
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Bnergy. 

same  reaction  as  before,  between  the  same  temperatures.  The 
adiabatic  effect  will  be  precisely  the  same  as  before.  But  in  order 
that  the  heat  capacities  of  the  factors  may  be  used,  and  the  total 
process  still  be  isothermal,  it  is  obvious  that  the  factors  must  first 
be  cooled  from  a  temperature  which  is  to  be  the  final  one,  to  that 
from  which  the  adiabatic  reaction  is  to  start.  This  cooling, 
represented  above  by  the  line  D  A,  is  immediately  followed  by 
the  adiabatic  reaction  A  B,  which  brings  the  system  to  the  same 
temperature  as  D.  During  this  double  process,  the  system  at  the 
final  temperature  has  lost  an  amount  of  energy  represented  by 
D  B,  all  of  which  was  removed  by  the  cooling  of  the  factors. 

In  brief,  the  total  heat  capacity  of  the  product  must  be  multi- 
plied by  the  change  in  temperature  in  order  to  compute  the  heat  of 
reaction  at  the  initial  temperature,  while  the  total  heat  capacity  of 
the  factors  must  be  so  multiplied  in  order  to  ompute  the  heat  of 
reaction  at  the  final  temperature.  This  statement  applies  to  a 
cooling  reaction  as  well  as  to  a  warming  reaction.     If,  as  is  often 
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the  case,  the  total  energy  change  at  an  average  temperature  is  de- 
sired, the  average  of  the  two  total  heat  capacities  must  be  used  in 
the  computation.  If  the  two  factors  have  at  first  different  tem- 
peratures, their  effects  must  be  computed  separately  and  the  re- 
sulting heat  of  reaction  must  be  referred  to  the  final  temperature. 
When  there  is  an  accidental  outside  warming  or  cooling  effect, 
the  corrected  temperatures  should  be  used. 

A  slight  inexactness  lies  in  the  italicized  statement,  due  to  the 
fact  that  specific  heat  itself  is  variable  with  temperature.  There- 
fore, the  heat  capacities  of  the  initial  and  final  systems  are  not  in 
reality  perfectly  constant,  and  the  line^  B  C  and  D  A  should  not 
be  perfectly  straight.  This  deviation  is  nevertheless  usually  very 
slight  in  dilute  aqueous  solutions ;  and  until  the  whole  body  of 
physicochemical  data  attains  a  much  greater  degree  of  accuracy 
than  at  present,  it  may  be  neglected. 

Evidently  the  quadrilateral  figure  C  A  B  D  may  be  used  to 
demonstrate  trigonometrically  the  rule  of  Kirchhoff — ^the  familiar 
relation  which  lies  at  the  basis  of  the  question  treated  in  this  paper. 
The  reaction  may  proceed  from  A  to  B  by  two  simple  indirect 
paths.  According  to  one,  the  reaction 'may  be  allowed  to  take 
place  isothermally,  at  the  lower  temperature,  involving  the  loss  of 
energy,  A  C,  and  the  products  may  then  be  warmed  to  a  higher 
temperature  involving  a  r^ain  of  energy,  C  B,  while  according  to 
the  other  the  factors  may  be  warmed  to  the  higher  temperature, 
A  D,  and  the  reaction  there  allowed  to  proceed  isothermally  to 
B  by  the  loss  of  energy,  D  B.  In  this  demonstration  it  is  of  course 
unnecessary  to  place  B  exactly  over  A,  a  condition  which  ensues 
only  when  the  higher  temperature  is  that  actually  attained  by  the 
adiabatic  reaction.  Obviously,  from  inspection  of  the  diagram, 
CE  =  CA  4-  AB  tan  «^'  =  BD  -f  AB  tan  <^  ; 
CA  —  BD  =  AB  (tan  <^  —  tan  <^'). 

Now   (CA  — BD)  =  Ur  — Ur+/.  the  difference  between  the 

CA 
heats  of  reaction  at  the  two  temperatures;  tan  ^  or  -r-^  represents 

Ad 

BD 

the  heat  capacity  of  the  products  (K,)  ;  tan  ^  or  -r-^    represents 

the  heat  capacity  of  the  factors  (K^)  ;  and  the  vertical  distance 
AB  represents  the  change  of  temperature.  Hence  this  trigono- 
metrical statement  at  once  reduces  to  the  well-known  equation 
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An  important  object  of  the  discussicHi  is  to  emphasize  the 
necessity  of  reducing  all  thermochemical  data  to  their  isothermal 
values  at  scmie  definite  convenient  temperature  (preferably  20**), 
in  order  that  they  may  be  strictly  comparable. 

As  an  evidence  of  frequent  laxity  in  this  respect,  the  often 
quoted  figures  for  the  heat  of  neutralization  of  hydrochloric, 
hydrobromic  and  hydriodic  acids  may  be  cited.  Thomsen  records 
as  die  three  values  to  be  compared  13,740,  13,748,  13,676 
calories^  (or  better,  5746,  57.49  and  57.19  kilojoules),  if  the  base 
is  sodium  hydroxide.  On  seeking  the  original  data,  it  is  easily 
found  that  the  first  corresponds  to  a  rise  of  temperature  from 
about  18''  to  22**,  the  second  to  a  rise  from  16.6''  to  18.6**,  and  the 
third  to  a  rise  from  17.5**  to  19.5**.  In  the  calculation,  the  approx- 
imate heat  capacities  of  the  factors  were  used  in  each  of  the 
three  cases.  If  all  these  results  are  reduced  to  the  isothermal 
value  at  20**,  the  heats  of  neutralization  become  respectively 
13320,  13,690,  and  13,650  calories  (or  57.8,  57.2,  and  57.1 
kilojoules).  The  order  of  magnitude  in  the  cases  of  hydrochloric 
and  hydrobromic  acids  is  reversed  by  the  new  calculation,  and  they 
have  been  separated  by  a  whole  per  cent.*  Even  these  values 
cannot  be  called  ultimate,  for  the  heat  capacities  of  most  of  the 
solutions  concerned  are  not  accurately  known,  the  value  of  Thom- 
sen*s  centigrade  degree  in  terms  of  the  International  Standard  is 
not  recorded,  nor  do  we  know  how  nearly  the  20®  points  on  the 
themiometers  correspond  with  the  true  point. 

It  is  hoped  that  these  critical  remarks  will  not  be  considered  as 
depreciating  the  admirable  and  important  work  of  Thomsen, 
Berthelot,  and  others.  For  many  purposes  the  approximate 
values  suffice,  and  if  the  greatest  precision  had  been  aimed  at,  the 
bulk  of  the  results  must  have  been  much  smaller,  an  outcome 
which  would  have  been  a  real  misfortune.  In  some  cases  the 
correction  for  cooling  may  have  caused  even  a  greater  uncertainty 
than  those  considered  above,  and  great  care  about  heat  capacity 
would  have  been  labor  thrown  away.  It  is  not  at  all  surprising 
that  this  admirable  work  should  not  have  attained  a  degree  of 

*  "Thermochemitche  TTotersuchiingen,**  I,  pp.  104,  \S5,  63,  67  (1883). 

*  Tlic  apparent  inoonsirtcncy  of  the  remilts  011  pnge  63  of  Thomsen's  work  ia  easily 
explained  by  noting  that  there  the  heat  capacity  of  the  product  waa  uaed  in  the  calcnla- 
tioB.  The  hydrochloric  acid  waa  in  every  case  twice  the  strength  of  the  other  acids,  hence 
the  heats  of  dilution  (which  are,  however,  very  small)  should  be  included  for  an  exact 
oompaTlson. 
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accuracy  sufficient  for  the  more  exacting  needs  of  the  present  day. 
In  this  connection  it  is  appropriate  to  call  attention  to  the  fact 
that  not  all  of  the  values  for  heat  of  reaction  commonly  given  in 
the  tables  correspond  to  consistent  atomic  weights,  although  most 
of  them  are  calculated  upon  the  basis  of  O  =  16.000.  A  praise- 
worthy service  would  be  rendered  by  any  careful  computer  who 
would  take  the  trouble  to  recalculate  all  the  data  and  express  the 
results  for  20°  C.  in  terms  of  the  most  accurate  table  of  atomic 
weights  and  the  admirable  c.  g.  s.  unit  of  energy,  the  kilojoule, 
adopted  by  Ostwald.*  The  latter's  preliminary  tables,  although 
an  important  step  in  the  right  direction,  are  much  hampered  in 
their  usefulness  by  their  limited  scope  and  the  frequent  omission 
of  significant  decimals. 

SUMMARY. 

This  paper  is  a  plea  for  greater  accuracy  in  the  calculation  of 
thermochemical  data.  The  importance  of  a  uniform  temperature 
for  comparison  and  consistent  atomic  weights  are  especially  em- 
phasized. It  is  shown  that  when  the  heat  capacity  of  the  factors 
is  used  in  the  calculation,  the  resulting  heat  of  reaction  corre- 
sponds to  the  final  temperature  attained,  while  if  the  heat  capacity 
of  the  products  is  used  in  the  calculation,  the  result  corresponds 
to  the  initial  temperature. 


NOTES. 

Note  on  the  Occurrence  of  Alum  as  an  Efflorescence  on  Bricks, 
— Some  time  ago  I  was  consulted  as  to  the  cause  of  the  discolora- 
tion of  certain  white  bricks  used  in  the  construction  of  a  large 
office  building  in  this  city.  It  was  readily  ascertained  to  be  due 
to  the  formation  and  subsequent  oxidation  of  ferrous  sulphate. 
To  remove  the  stain,  some  of  the  bricks  were  treated  with  sul- 
phuric acid  and  then  thoroughly  washed  with  water.  After  they 
had  been  dried,  a  white  efflorescence  appeared  on  their  surface, 
and  it  was  found  to  consist  for  the  most  part  of  potash  alum.  As 
I  have  not  been  able  to  find  any  reference  to  the  occurrence  of 
this  salt  among  the  sulphates  which  are  known  to  exist  in  similar 
efflorescences,  it  ocairred  to  me  that  a  quantitative  analysis  of  the 
product  might  be  of  interest. 

Owing  to  the  lack  of  material  the  analysis  made  was  incom- 

i  Ottwald's  "  GrundriM  der  Altgemeinen  Chemie.'*  p.  153  (1899). 
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plctc,  but  the  results  proved  conclusively  that  the  water-soluble 
portion,  which  crystallized  in  octahedra,  was  nearly  pure  potash 
alum.  Harry  F.  Keller. 

Rapid  Determination  of  Molybdenum  in  Steel, — It  has  been 
found  to  be  an  improvement  on  the  method  previously  described,* 
to  use  only  0.8  gram  of  drillings,  and  to  make  the  precipitation  in 
200  cc.  of  the  solution  instead  of  300  cc,  taking  only  100  cc.  of 
the  filtrate  for  reduction  and  titration.  In  this  way  an  evapora- 
tion requiring  more  time  than  all  the  rest  of  the  analysis  put  to- 
gether is  dispensed  with.  Reduction  and  titration  should  take 
place  in  small,  and  not  in  large  volume  of  solution,  on  adcount  of 
reduction  not  always  b^ing  complete  in  the  latter  case,  as  is 
proved  by  the  fact  that  Brakes*  finds  it  necessary  to  use  the  old 
Emmerton  factor.  But  if  the  separation  be  made  in  200  cc.  of 
solution,  ammonia  may  not  be  used  because  the  separation  is  an 
incomplete  one  with  this  reagent  when  made  in  a  small  volume 
of  solution.  The  caustic  soda  solution  is  most  easily  made  by 
dissolving  i  pound  in  2000  to  2100  cc.  water.  100  cc.  of  this 
solution  is  used  in  a  determination. 

Another  improvement  in  the  method  (Brakes)  is  to  expel  the 
nitric  acid  used  for  the  solution  of  the  steel  by  adding  3  cc.  of  con- 
centrated sulphuric  acid  and  evaporating  to  fuming.  The  complete 
expulsion  of  the  nitric  acid  is  very  important,  and  care  must  be 
taken  that  none  remains  on  the  cover,  since  nitrous  acid  or  other  re- 
ducing compounds  are  formed  when  a  solution  containing  nitric 
acid  is  passed  through  the  reductor.  The  results  obtained  by 
Brakes*  indicate  that  chromium  does  not  interfere  with  the  de- 
termination when  a  sulphuric  acid  solution  is  used. 

George  Auchy. 

NEW  BOOKS. 

BZAMBNTARY  CHBMISTRY.      BY  L.  M.  DBNNIS  AND  F.  W.  Cl^ARKB.       New 

York  :  The  Americaa  Book  Company.     1902.    540  pp.     Laboratory 
Manuax,  to  accompany  the  above.    254  pp.    Interleaved. 

The  matter  treated  in  this  book  is  essentially  the  same  as  that 
to  be  found  in  most  other  works  of  its  class.  The  mode  of  treat- 
ment is  not  especially  novel.     It  is  in  fact  less  so  than  in  several 

>  This  Joamal,  94,  ^73. 
*y.  Soc.  Chem.  lmd„  ai,  83a. 
»  Ltc  at. 
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recent  High  School  texts.  Thus  the  atomic  and  molecular 
theories  make  their  debut  within  ten  pages  from  the  beginning, 
while  the  principle  of  definite  proportion  is  reached  on  page  59. 
Even  when  this  law  appears,  the  phraseology  suggests  a  dogma 
rather  than  a  result  of  observation.  Instead  of  demonstrating 
the  building  up  of  an  equation  from  quantitative  experiments,  the 
authors  show  (p.  69)  how,  given  the  equation,  we  may  calculate 
the  results  of  an  experiment  before  its  actual  performance. 

The  "two-volume  law"  (p.  96),  which  is  not  a  "law"  (that  is, 
a  general  truth)  at  all,  as  the  writers  themselves  tacitly  acknowl- 
edge later,  is  used  as  the  foundation  of  an  elaborate  proof  that  if 
we  take  the  molecular  weight  of  a  compound  and  halve  it,  we  get 
the  density.     This  derivation  of  facts  from  theoretical  considera- 
tions is  typical  of  the  way  in  which  the  principles  of  the  science 
are  handled  in  the  book.     Presently  the  compounds  of  carbon  arc 
used  for  illustration  and  the  molecular  weights  of  CH^,  CjH^, 
C;»H2,  etc.,  are  shown  to  give  the  densities  when  they  are  divided 
by  2.     The  authors  add :     "In  a  similar  way  we  can  investigate 
the  volatile  compounds  of  other  non-volatile  elements,  and  prove 
that  the  two-volume  law  above  indicated  is  of  universal  applica- 
tion."    They  have  overlooked  the  fact  that  in  taking  the  molec- 
ular weights  28  and  26  for  ethylene  and  acetylene  they  were 
assuming  the  very  law  which  they  afterward  hold  their  illustration 
to  have  proved.    The  maintenance  of  the  distinction  between  fact 
and  theory  is  the  most  difficult  task  of  the  teacher  of  chemistry. 
Even  trained  chemists  find  it  hard.     It  s^ ems  to  the  reviewer  that 
the  present  book  fails  to  make  this  distinction  sufficiently  clear. 
The  promise  of  inductive  and  rational  treatment  made  in  the 
preface  is  belied  by  much  of  the  contents,  and  that  at  the  most 
vital  points. 

The  book  is  marred  by  the  presence  of  a  number  of  incorrect  or 
unfortunately  worded  statements,  such  as,  that  when  iron  bums 
in  oxygen,  the  melted  metal  drops  to  the  bottom  of  the  bottle; 
that  ozone  has  a  suffocating  odor;  that  hydrogen  peroxide  coo- 
tains  "exactly  twice  as  much  oxygen"  as  water;  that  "as  a  solvent, 
water  far  exceeds  every  other  liquid  known" ;  and  so  forth.  The 
laws  "govern"  regally  instead  of  existing  only  so  long  as  they  arc 
"good".  The  resurrection  of  the  electrochemical  series  of  Berze- 
lius  is  strange  in  view  of  the  fact  that  modern  research  has  g^vcn 
us  the  means  of  placing  the  elements  in  the  order  of  chemical 
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activity.  Fortunately,  or  unfortunately,  the  explanation  is  so 
befogged  with  statements  about  electro-negativeness  and  electro- 
positiveness  that  no  application,  correct  or  incorrect,  to  chemical 
behavior  is  likely  to  be  made. 

The  laboratory  manual  covers  a  great  deal  of  ground.  A  few 
questions  are  appended  to  each  experiment.  Some  quantitative 
experiments  are  given,  but  they  are  at  the  end  of  the  book. 

The  typography,  illustrations,  and  binding  of  both  books  are 
excellent.  Alexander  Smith. 

Disinfection  and  Disinfectants.  A  Practical  Guide  for  Sanitar- 
ians. Health  and  Quarantine  Officers.  By  M.  J.  Rosen au, 
M.D.  Philadelphia  :  P.  Blakiston*s  Son  and  Co.  353  pp.  Price,  f 2.00 
net. 

The  author  of  this  book  is  connected  with  the  United  States 
Marine  Hospital  Service,  as  Director  of  the  Hygienic  Laboratory, 
and  has  had  abundant  opportunity  to  observe  practically  what  he 
has  written  about.  The  work  is  divided  into  six  chapters  of 
which  the  first  three  treat  of  the  various  disinfecting  agents  in 
general  use.  The  opinions  of  the  author  in  discussing  the  appli- 
cability and  relative  merits  of  the  substances  considered  seem 
eminently  sound  and  practical.  The  fourth  chapter  deals  with 
means  for  destroying  insects  which  carry  diseases.  The  fifth 
chapter  gives  clear  directions  for  disinfection  of  houses,  ships, 
railway  cars,  furniture,  clothing,  books,  etc.,  and  is  very  satis- 
factory. The  sixth  and  last  chapter  deals  with  the  question  of 
disinfection  after  special  diseases,  and  for  each  one  the  most 
efficient  treatment  is  suggested.  The  book  is  illustrated  and  is 
well  printed.  On  the  whole  it  may  be  recommended  to  those  in 
need  of  information  in  this  direction.  J.  H.  Loxo. 

Die  Zbrsbtzung  Stickstofffreier  Organischer  Substanzen  durch 
Baktbribn.  By  Dr.  O.  Emmerung.  Braunschweig:  Friedrich  Vieweg 
nnd  Sohn.     141  pp.  and  7  plates.     Price,  4  marks. 

This  little  book  describes  the  important  group  of  decomposi- 
tions usually  classed  as  fermentations  in  which  the  active  agents 
are  not  true  ferments,  in  the  modern  sense  of  the  word,  but 
bacteria.  The  best  known  examples  of  such  reactions  are  the 
acetic,  lactic,  butyric  and  gummy  fermentations,  in  which  carbo- 
hydrates or  their  derivatives  are  the  materials  on  which  the  bac- 
teria work.    The  author  discusses  these  changes  and   several 
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Others  and  points  out  the  conditions  under  which  various  by- 
products are  formed.  Attention  is  called  to  the  complexity  of 
several  reactions  usually  described  in  the  textibooks  as  compara- 
tively simple.  It  is  interesting  to  note  in  this  connection  the  large 
number  of  cases  in  which  ethyl  alcohol  is  produced. 

The  book  is  not  intended  to  be  more  than  a  suggestive  compila- 
tion of  results  scattered  through  the  recent  literature,  but  as 
pretty  full  references  are  given  it  will  be  found  useful  to  chemists 
and  bacteriologists  who  desire  to  gain  an  insight  into  this  im- 
portant field  of  investigation,  to  which  the  author  himself  has 
made  several  valuable  contributions.  J.  H.  Long. 

G.  BuNGB's  Text-Book  of  Physiologicai,  and  Pathological  Chemis- 
try. Translated  by  F.  A.  Starling  and  edited  by  £.  H.  Starling. 
Philadelphia  :  P.  Blakiston*s  Son  and  Co.     1902. 

Bunge's  text-book  still  remains  the  most  popular  book  on  the 
subject.  The  fourth  German  edition,  from  which  the  second 
English  is  translated,  is  not  much  enlarged  over  the  previous 
editions  of  the  work.  However,  Bunge's  aim  was  to  give  the 
general  principles  of  the  chemical  side  of  animal  physiology  and 
pathology,  and  in  this  he  succeeded  most  brilliantly.  There  arc 
only  a  few  questions  that  the  author  discusses  in  greater  detail,  but 
those  are  chapters  of  such  general  interest,  that  every  biologist 
will  read  them  with  great  pleasure,  whether  he  does  or  does  not 
accept  the  conclusions  of  the  writer.  Such  are  the  chapters  on 
vitalism  and  mechanism,  also  the  chapter  on  alcohol.  The  Import- 
ance for  the  animal  organism  of  the  mineral  constituents  of  food 
is  discussed  by  Bunge  more  than  it  has  been  by  any  other  writer. 
The  book  as  a  whole  presents  in  a  very  interesting  and  compre- 
hensive form  the  most  obscure  problems  of  physiolog}-,  and  can 
be  recommended  to  those  who  desire  to  gain  a  general  knowledge 
on  the  subject.  P.  A.  LevexE. 

Blbctro-Chemical  Analysis.    By  Edgar  F.  Smith.      Philadelphia : 
P.  Blakiston's  Son  and  Company.     1902.     199  pp. 

The  earlier  editions  of  Professor  Smith's  work  on  electro- 
chemical analysis  are  so  widely  and  favorably  known  as  to  render 
unnecessary  any  extended  notice  of  this  third  edition,  further  than 
to  call  attention  to  the  changes  and  additions  that  have  been  made 
by  the  author. 

The  chapters  on  sources,  reduction  and  measurement  of  cur- 
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rent  have  been  slightly  changed,  and  descriptions  of  new  forms  of 
apparatus  have  been  added.  Several  pages  are  then  devoted  to  a 
most  interesting  and  suggestive  description  of  an  electrochemical 
laboratory.  Only  a  few  alterations  have  been  made  in  the  his- 
torical section,  but  in  the  special  part  devoted  to  the  determina- 
tion of  the  metals  the  treatment  has  been  greatly  expanded.  The 
references  to  literature  that  are  here  given  under  each  heading 
have  been  brought  down  to  date,  and  many  new  methods  and  im- 
provements of  old  methods  have  been  incorporated  in  the  text. 
The  chapter  upon  the  separation  of  the  metals  has  been  entirely 
rewritten,  and  this  part  of  the  subject  is  presented  in  a  most  clear 
and  systematic  form. 

Both  the  press  work  and  the  illustrations  show  decided  advance 
over  the  earlier  editions. 

It  is  to  be  regretted  that  in  a  work  otherwise  so  complete 
specific  mention  is  not  made  of  methods  for  the  separation  of 
certain  of  the  metals  through  the  maintenance  of  a  constant  volt- 
age, for  while  it  is  true  that  up  to  the  present  time  such  procedure 
has  not  been  so  far  developed  as  to  be  of  material  assistance  to  the 
analyst,  it  would  yet  be  well  to  call  the  attention  of  the  student  to 
the  work  that  has  been  done  in  this  field  and  to  the  possibilities  of 
its  extension.  L.  M.  Dennis. 

A  Course  in  Quautative  Chemical  Analysis.  By  F.  P.  Vbnable. 
Fourth  edition,  revised  by  Alvin  S.  Wheeler.  New  York:  University 
Publishing  Company.     1902.     54  pp.     Price,  60  cents. 

The  only  novelty  that  the  present  edition  of  this  book  offers  is 
the  absence  of  any  reference  to  recent  theories  of  solution  and 
chemical  action.  The  authors  believe,  evidently,  that  qualitative 
analysis  may  be  taught  effectively  in  the  old  way. 

The  directions  for  the  systematic  examination  of  substances  are 
given,  clearly,  but  so  concisely,  that,  without  the  constant  help  of 
an  instructor,  the  student  will  fail  to  secure  satisfactory  tests  and 
separations.  This  remark  applies  as  well,  however,  to  larger  and 
more  pretentious  text-books,  and  the  difficulty  that  it  points  out 
can  not  be  easily  avoided.  An  index  would  enhance  the  value  of 
the  book.  L.  B.  Hall. 

Recipes  for  the  Colour.  Paint,  Varnish,  Oil,  Soap,  and  Dry-Sal- 
TRRY  Trades.    Colnpiled  by  an  Analytical  Chemist.    London  :  Scott, 
Greenwood,  and  Co.     1902.    336  pp.     Price,  $3.50  net. 
Books  of  this  class  serve  two  purposes :  they  supply  information 
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to  the  ignorant,  and  ideas  or  suggestions  to  the  experienced. 
Every  book  of  the  sort  has  some  things  in  it  which  will  not  work, 
and  as  a  rule,  the  recipes  which  will. work  are  those  which  have 
been  outgrown  by  the  special  trade  which  used  them.     But  if  they 
are  good  in  themselves,  they  are  valuable  to  the  non-professional; 
and  occasionally,  though  rarely,  those  which  are  no  good  at  all 
set  the  professional  to  thinking  along  a  new  line ;  at  least,  this  has 
been  the  reviewer's  experience.    This  book  is  a  rather  unusually 
good  book  of  the  sort,  judging,  of  course,  from  those  things  which 
the  reviewer  knows.    The  author  judiciously  remarks  in  his 
preface  that  "it  is,  of  course,  assumed  that  the  users  of  these 
formulae  have  some  acquaintance  with  methods  of  manipulating 
them,  and  that  they  will  also  exercise  a  little  common-sense  when 
applying  them  to  their  purposes''.     If  they  do  that,  they  will  omit 
some  of  them  altogether ;  but  in  the  varnishes,  for  example,  most 
of  the  recipes  will  make  some  sort  of  varnish,  and  some  of  them 
are  very  good,  such  as  the  coach  and  cabinet  varnishes,  though 
they  take  as  many  days  to  dry  as  the  author  gives  hours.    In 
general,  the  formulae  are  more  complicated  than  those  commonly 
in  use  in  this  country,  and  a  glossary  would  always  be  useful  in  a 
book  of  this  sort,  for  names  vary  in  different  countries  and  places, 
though  usually  intelligible  to  an  expert.     We  are  all  acquainted, 
for  instance,  with  **mineral  turpentine",  but  no  one  can  fail  to  be 
pleased  with  the  idea  of  thinning  paint  with  "mineral  tea  rose  oil" 
instead  of  deodorized  benzine.     The  reviewer  commends  this  book 
to  such  as  like  books  of  recipes,  and  indorses  the  advice  of  the 
author  to  use  it  with  some  common  sense.  A.  H.  Sabin. 

A  CouRSB  IN  Modern  Analysis.  By  E.  T.  Wbittaker,  M.A.  Cam- 
bridge :  Tbc  University  Press.  New  York  :  The  Macmillan  Co.  xvi  + 
378  pp. 

This  book  aims  at  presenting  those  portions  of  modern  analysis, 
as  based  on  the  so-called  imaginary  or  complex  number,  which 
**seem  to  be  of  greatest  importance  at  the  present  time."  Infinite 
series  are  considered  in  all  their  phases,  and  all  those  important 
series  and  functions  which  were  developed  by  Fourier,  Bessel, 
Lagrange,  Legendre,  Laplace,  Gauss,  Abel,  etc.,  in  their  study  of 
practical  problems.  It  is  a  useful  work  for  those  who  wish  to 
make  use  of  the  most  advanced  developments  of  mathematical 
analysis  in  theoretical  investigations  of  physical  and  chemical 
questions.  Arthur  S.  Hatha w.\y. 
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GSNBRAZr  PRINCIPI^ES  OF  PHYSICAL  SCIBNCB  :  An  INTRODUCTION  TO  TUB 

Study  op  trb  Gbnbral  Principles  op  Chemistry.    By  Arthur  A. 
NOYBS.    New  York  :  Henry  Holt  &  Co.     1902.     viii  +  172  pp. 

While  works  on  physical  chemistry  are  rapidly  multiplying,  it 
is  refreshing  to  encounter  one  which  promises  to  be  a  distinct 
creation  rather  than  a  mere  variation  or  even  an  improvement  on 
its  predecessors.  As  the  present  volume  treats  of  certain  parts  of 
the  subject  only,  an  outline  of  its  contents  must  be  given.  The 
first  chapter,  a  brief  one,  deals  mainly  with  the  method  of  science. 
The  second,  also  brief,  discusses  the  fundamental  concepts  of 
physical  science.  The  third  chapter,  occupying  over  50  pages, 
treats  of  the  general  principles  relating  to  matter.  The  fourth 
chapter,  about  100  pages  in  length,  is  devoted  to  the  general  prin- 
ciples relating  to  energy.  It  is  to  be  regretted  that  the  preface 
does  not  offer  any  hope  of  the  early  appearance  of  the  remaining 
sections  dealing  with  the  general  theories  of  chemistry,  the  rela- 
tions between  physical  properties  and  chemical  composition,  the 
principles  relating  to  the  occurrence  and  equilibrium  of  chemical 
changes,  and  the  principles  relating  to  the  energy  changes  attend- 
ing chemical  changes. 

Akhough  the  book  does  not  deal  with  the  whole  subject  of 
physical  chemistry,  it  is  complete  in  itself.  While  the  value  of  the 
book  lies  largely  in  the  sanity  and  symmetry  of  the  whole  treat- 
ment, a  few  specially  excellent  features  may  be  mentioned.  The 
unscientific  patchwork  of  unharmonized  definitions  which  does 
duty  in  most  books  on  chemistry  has  at  last  been  "scrapped," 
and  it  was  high  time  that  some  one  should  undertake  this  task, 
and  an  inter-consistent  set  of  definitions  of  the  laws  and  terms  of 
the  science  has  been  devised  to  take  its  place.  Much  care  has 
been  used  in  explaining  th6  Tiature  and  relations  of  the  various 
units  employed  in  phvsical  science.  The  conception  of  the  in- 
tensity and  capacity  factors  of  the  several  forms  of  energy  occu- 
pies the  fundamental  position  in  the  treatment  of  energetics 
which  it  deserves,  but  has  not  yet  received  in  most  books  in  the 
English  language.  In  the  discussion  of  the  laws  of  energetics 
(formerly  thermodynamics),  the  author  is  remarkably  successful 
in  anticipating  and  avoiding  or  disposing  of  the  stumbling  blocks 
which  most  students  of  the  subject  encounter. 

The  whole  treatment  is  scholarly  in  its  methods  and  philo- 
sophical in  its  grasp,  and  at  the  same  time  it  is  extraordinarily 
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lucid.  Nothing  that  can  set  each  conception  in  the  clearest  light 
and  in  the  most  instructive  relation  to  other  conceptions  seems  to 
be'  forgotten.  No  one  interested  in  the  teaching  or  study  of 
general  or  physical  chemistry  can  afford  to  leave  this  book  unread. 

Alexander  Smith. 

Galvanic  Battbribs  :  Thbir  Theory,  Construction,  and  Usb.  By 
S.  R.  BoTTONB.  London  and  New  York  :  Whittaker  and  Co.  1902. 
xvi  ■+■  376  pp.    Price,  |t .50. 

The  author  states  in  his  preface  that  this  work  contains  a  de- 
scription of  every  known  battery  of  any  practical  use  along  with 
data  as  to  electromotive  force,  internal  resistance,  and  adapta- 
bility to  particular  requirements.  For  those  who  may  have  occa- 
sion to  use  batteries  instead  of  a  dynamo  as  a  source  of  current, 
the  book  will  undoubtedly  prove  helpful.  Although  the  author 
states  that  "In  order  to  render  the  book  useful  from  a  scientific 
point  of  view,  as  well  as  under  the  practical  aspect,  the  theory  of 
the  battery  has  been  carefully  gone  into,"  no  mention  is  made  of 
theories  advanced  by  Helmholtz  and  by  Nernst,  which  have 
thrown  such  a  flood  of  light  upon  the  whole  subject.  The  book 
is  profusely  illustrated  and  the  descriptions  of  the  construction 
and  operation  of  the  batteries  clear  and  concise. 

C.  E.  Linebarger. 

Laboratory  Exercises  in  Physics  for  Secondary  Schools.  By 
George  R.  Twiss,  B.Sc.,  Head  of  the  Department  of  Science  in  the 
Central  High  School,  Cleveland,  Ohio.  New  York:  The  Macmillan  Co. 
1902.    xiii  -{-  193  pp.     Price,  80  cents. 

This  manual  is  characterized  by  thoroughness  of  treatment  and 
carefulness  of  statement.  The  author  believes  that  "A  small  number 
of  exercises  worked  for  all  there  is  in  them"  is  better  than  a  large 
number  carelessly  and  superficially  performed.  The  author  has 
succeeded  well  in  this  his  attempt  ''first,  to  secure  the  thorough 
enforcement  of  some  of  the  fundamental  principles  of  the  science, 
together  with  a  view  of  the  kind  of  thinking  and  experimentation 
by  means  of  which  the  facts  and  principles  of  physics  have  been 
established ;  second,  to  develop  habits  of  precision  in  observation, 
thought  and  expression ;  and  third,  to  train  the  student  in  the 
acquisition  of  practical  power  and  skill  in  the  use  of  apparatus." 

C.  E.  LlNEBARGEB. 
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During  1902  there  has  been  a  fair  amount  of  activity  in  the  de- 
termination of  atomic  weights,  and  some  of  the  work  published  is 
highly  important.  One  new  metal,  radium,  appears  as  a  definite 
element  for  the  first  time,  taking  its  proper  place  in  the  periodic 
system  as  a  member  of  the  calcium,  strontium,  barium  group. 
The  recorded  investigations  are  summarized  below.  The  work  on 
iodine,  calcium,  selenium,  lanthanum,  and  uranium  is  especially 
worthy  of  notice. 

I0DIN£. 

In  order  to  establish  more  exactly  the  relative  positions  6f  tel- 
lurium and  iodine  under  the  periodic  law,  Ladenburg^  has  rede- 
termined the  atomic  weight  of  the  latter  element.  His  process 
consisted  in  transforming  silver  iodide  to  si}ver  chloride,  by  heat- 
ing in  chlorine,  and  a  preliminary  series  of  experiments  gave  the 
following  results.  All  weights  were  reduced  to  a  vacuum,  and 
the  calculations  are  based  upon  O  =  16. 

^  Ber.  d.  ckem.  Grs^  J5,  2275. 
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Weight  Agl. 

Weight  AgCl. 

Atomic  weight  I. 

31.2558 

19.0817 

126.93 

33.7357 

20.5930 

126.96 

49.88229 

30.4525 

126.94 

47.8S30 

29.2262 

12698 

60.1435 

36.7154 

126.95 

41.3649 

25.2448 

127.01 

50.8916 

310664 

126.95 

41.3233 

25.2200 

126.98 

80.8139 

49.3181 

127.02 

89.5071 

54.6367 

126.96 

Mean,     126.97 
This  value  is  notably  higher  than  that  given  by  Stas,  126.85, 
and  therefore  additional  determinations  were  necessary.    Three 
experiments,  conducted  with  the  utmost  care  and  with  all  needful 
precautions,  gave  as  follows : 


Weight  Agl. 

Weight  AgCl. 

Atomic  weight  L 

62.6608 

38.2496 

126.957 

63.8351 

38.9656 

126.961 

74.75  «6 

45.6288 

126.963 

Mean,  126.960 
This  result  serves  to  vindicate  the  preliminary  series,  but  the 
cause  of  the  difference  from  Stas*  value  is  yet  to  seek.  One  care- 
ful experiment  by  Stas'  method,  the  synthesis  of  silver  iodide, 
was  made  by  Ladenburg,  whose  data,  with  all  corrections  applied, 
are  these : 

50.3147  Ag  gave  109.4608  Agl.  Hence  I  =  126.87. 
Here. Stas  is  corroborated,  and  the  difference  is  evidently  due  to 
the  different  methods.  Ladenburg  regards  the  S3mthesis  of  the 
iodide  from  silver  as  attended  by  much  greater  errors  than  affect 
the  other  method,  and  says  that  their  tendency  is  to  lower  the 
apparent  atomic  weight  of  iodine.  The  new  data,  therefore,  are 
entitled  to  very  respectful  consideration. 

Two  syntheses  of  silver  iodide  are  also  given  by  Scott,*  inci- 
dentally to  his  research  upon  tellurium.  The  data  are  subjoined, 
and  represent  reductions  to  a  vacuum,  and  calculations  based  upon 
O  =  16  and  Ag  =  107.93. 

Weight' Ag.  Weight  Agl.  Atomic  weight  I. 

4.6240  10.0634  126.96 

6.39978  13-92913  126.98 

1  /Voc.  Chem.  Sac.  (I«ondon),  18,  iia.  May  7.  1902. 
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Here  again  there  is  a  variation  from  Stas,  and  an  agreement 
with  the  higher  value  obtained  by  Ladenburg.  It  seems  clear  that 
the  atomic  weight  of  iodine  should  be  most  carefully  scrutinized. 

CAIX:iUM. 

An  important  preliminary  notice  by  Richards^  describes  a  num- 
ber of  experiments  upon  the  atomic  weight  of  calcium.  The  com- 
pound studied  was  the  chloride,  and  the  results,  reduced  to  a 
vacuum,  were  as  follows:  (O  =  16,  CI  =  35455.) 

Atomic  wcif ht 
40.121 
40.130 
40.129 
40.124 
40.125 


Wei^  CaCla. 

Weight  Ag< 

1.56454 

4.0409 

3.57630 

9.2361 

3.59a»i 

9.2788 

5.00880 

".9364 

9.00246 

23.2506 

Mean,  40.126 
Still  another  paper  upon  this  subject,  by  Hinrichscn,*  is  supple- 
mentary to  the  memoir  which  he  published  in  1901.*  Transparent 
calcite  from  Russia  was  reduced  to  lime  by  ignition.  After  re- 
duction to  a  vacuum  and  correction  for  known  impurities  in  the 
original  material,  the  subjoined  data  were  obtained. 

Weight  CaO.  Atomic  weight. 

17.49526  40.139 

12.33642  40.136 

was  Ca  =  40.142.    These  figures 


Weight  CaCOi. 
31.20762 
22.00588 

The  value  found  in   1901 


harmonize  with  those  of  Richards,  and  prove  that  the  formerly 
accepted  number,  Ca  =  40,  is  too  low. 


SELENIUM. 

Atomic  weight  redetermined  by  Julius  Meyer.* 
scrupulously  pure,  was  analyzed  electrol)rtically. 
all  weights  reduced  to  a  vacuum,  are  as  follows : 


Weight  AgaSeOj. 
0.5152 
0.5237 
1.8793 
2.1460 
1.6964 


Weight  Ag. 
0.3241 

0.3295 
1. 1826 

^3503 
1.0672 


Per  cent.  Ag. 
62.907 
62.915 
62.92S 
62.922 
62.910 


Silver  selenite. 
The  data,  with 


Atomic  weight. 
79.28 
7924 
79.17 
79.20 

79.27 


1  This  Journal.  34, 374. 

*  Zlsckr.phvs.  Ckem.,  40,  746. 

*  ZUckr.  anorg.  Chem.^  31,  391 ;  Ber.  d.  ckem.  Ges.,  39, 1591. 
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From  the  sum  of  the  weights,  corrected  for  a  trace  of  silver  which 
remained  in  solution  after  electrolysis,  the  final  result  becomes 

Se  =  79.21. 
This  figure  is  nearly  in  accord  with  Lenher's  determination,  but 
notably  higher  than  that  obtained  by  Pettersson  and  Ekman. 

TELLURIUM. 

Guthier,*  in  order  to  determine  the  atomic  weight  of  teliurium, 
has  studied  telluric  acid  and  tellurium  dioxide.  His  analyses  de- 
pended upon  the  precipitation  of  tellurium  by  hydrazine  hydrate, 
and  special  precautions  were  taken  to  avoid  any  oxidation  of  the 
precipitated  metal.  The  latter  was  found  to  be  extremely  oxi- 
dizable.  First,  two  direct  determinations  were  made  of  water  in 
telluric  acid,  as  follows : 

Weight  HtTeO«.  Weight  H^O.  Percent.  H^O.  Atomic  weight 

0.4937     .  O.I  162  23.54  127.60 

0.9910  0.2335  23.56  127.70 

Mean,     127.65 
All  weights  were  reduced  to  a  vacuum,  and  calculations  were 
based  upon  O  =  16  and  H  =  1.008. 

Secondly,  Guthier  gives  six  determinations  of  tellurium  in 
telluric  acid,  after  several  fractional  crystallizations  of  the  latter. 
Three  separate  fractions  were  studied,  with  duplicate  determina- 
tions on  each.    The  data  are  given  below : 


Weight  HeTcO.. 

Weight  Tc. 

Per  cent.  Te. 

Atomic  >»eight. 

0.9380 

0.5204 

55.48 

127.20 

0.4963 

0.2754 

55.49 

127.25 

1.0485 

0.5829 

55.60 

127.80 

0.8865 

0.4915 

55.44 

127.00 

0.4339 

0.241 I 

55.56 

127.60 

0.3492 

0.1937 

55.48 

»27.34 

Mean,     127.365 
Prom  telluritun  dioxide,  similarly  reduced,  the  following  data 
were  obtained. 


Weight  TeO|. 

Weight  Te. 

Per  cent.  Te. 

Atomic  weight. 

0.1662 

0.13287 

79.94 

127.50 

0.3136 

0.2507 

79.94 

127.50 

0.2799 

0.2238 

79.95 

127.60 

Mean,     127.53 
1  Amn.  Ckem.  (Liebig),  a»o,  5^. 
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The  average  of  the  three  series  of  determinations  is 

Te  =  127.51. 
The  low  results  of  the  second  series  are  probably  ascribable  to 
traces  of  mother-liquor  retained  in  some  crystals  of  the  telluric 
add. 

A  preliminary  notice  upon  the  atomic  weight  of  tellurium  has 
also  been  published  by  Scott.^  The  substances  studied  were  tri- 
methyl  tellurium  iodide,  Te(CH3),I,  and  the  corresponding  bro- 
mide.   Analyses  of  the  iodide  were  as  follows : 

Wdght  TeCCH,)^!.  Weight  Agl.  Atomic  weight. 

1.7461  1.3688                                             127.70 

6.6425  5.20575                                           127.66 

8.0628  6.3181                                             127.69 

The  bromide  was  titrated  with  silver  solution,  and  gave  these 
results : 

Weight  Te(CHa)sBr.  Weight  Ag.  Atonic  weight. 

2.4294  1.0373  127.77 

6.8424  2.9201  127.78 

The  second  sample  of  bromide  was  not  so  pure  as  the  first.  Re- 
jecting it,  the  mean  of  the  other  four  determinations  gives  Te  = 
127.70.  The  mean  of  all  five  is  127.74.  All  weights  are  reduced 
to  a  vacuum,  and  the  antecedent  values  are  O  =  16,  C  =  12.00, 
H  =  1.0075,  I  =  126.85,  Br  =  79.95,  Ag  =  107.93. 

lANTHANUM. 

The  determinations  of  atomic  weight  by  Jones^  were  made  upon 
material  of  remarkable  purity.  The  only  contamination  which 
could  be  detected  with  the  Rowland  spectroscope  of  the  Johns 
Hopkins  University,  was  a  trace  of  cerium,  amounting  to  not 
more  than'0.oi  per  cent,  and  probably  much  less.  Furthermore, 
some  of  the  lanthanum  oxide  was  ignited  in  hydrogen  in  order  to 
make  sure  that  no  oxide  higher  than  La^Os  was  present.  The 
method  of  determination  was  the  usual  synthesis  of  sulphate  from 
oxide,  and  careful  experiments  showed  that  under  the  conditions 
of  the  mvestigation  no  acid  sulphate  was  formed.  The  sulphate 
which  was  finally  weighed  was  perfectly  soluble  in  water  and 
absolutely  neutral  in  reaction.  Twelve  determinations  are  given, 
as  follows :  The  atomic  weight  was  calculated  with  0=16,  and 
S  =  32.06. 

*  Proc  Cktm.  Soe.  (I^ondon),  i8,  iia,  May  7, 1903. 

*  Am.  Ckem  /..  aS,  a.v 
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weight  M,o^ 

weight  I<a«(80«),. 

Atomic  weight 

I.OI22 

1.7592 

138.72 

I.I268 

1.9581 

138.78 

0.94585 

1.6437 

138.77 

1.0675 

1.8553 

138.73 

0.9030 

1.5692 

138.78 

i."73 

'.9589 

138.79 

0.9407 

1.6347 

138.78 

1.0455 

I.8168 

138.78 

1.1271 

1.9586 

138.78 

1.3074 

2.2720 

"38.77 

1.3389 

2.3267 

138.77 

1.2012 

2.0874 

138.78 

Mean,    138.77 
An  attempt  was  also  made  to  use  the  oxalate  method,  but  that 
proved  to  be  unsatisfactory. 

A  second  memoir  upon  lanthanum,  by  Brauner  and  Pavlicdc,* 
is  even  more  elaborate  than  that  of  Jones.  The  method  of  deter- 
mination was  the  same  in  both  cases,  but  there  are  many  differ- 
ences of  detail.  The  Bohemian  authors  find  a  serious  difficulty  in 
the  presence  of  the  acid  sulphate,  for  which  measured  corrections 
are  applied,  and  they  also  note  another  source  of  error  in  the 
hygroscopic  character  of  1^2(804)8.  The  latter  error  was 
guarded  against  by  special  precautions  in  weighing.  The  final 
results  (omitting  a  preliminary  series),  with  vacuum  weights, 
and  all  corrections  applied,  are  as  follows :  The  calculations  de- 
pend upon  O  =  16  and  S  =  32.06. 


Weight  UjO,. 

Weight  UiCSO*),. 

Atomic  wei^ 

1.06562 

1.85054 

139-036 

1.00694 

1.74856 

'39.053 

1. 12553 

1.95457 

139.038 

1.70276 

2.95707 

139.036 

1.02460 

1.77943 

139.009 

1.28650 

2.23419 

139.024 

1.06488 

1.84910 

139.068 

Mean,  139.056 
The  reverse  method  of  determination,  the  ignition  of  sulphate  to 
oxide,  gave  bad  results.  A  series  of  determinations  by  the  oxalate 
method  gave  in  mean.  La  =  139.07,  but  the  individual  measure- 
ments show  a  wide  range  of  variation,  namely,  from  138.67  to 
139.66.    The  value  for  the  atomic  weight  of  lanthanum  derived 

>  y.  Chem.  Soe.,  81,  1243. 
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from  the  sulphate  syntheses  is  doubtless  not  far  from  the  truth. 
The  mean  of  the  Jones  and  Brauner  values  is 

La  =139.905, 
and,  pending  further  evidence,  this  value  may  properly  be 
adopted;  although  Brauner,  in  a  later  communication,^  criticizes 
the  work  of  Jones  and  argues  in  favor  of  his  own  determinations. 
Brauner  insists  strongly  upon  the  presence  of  acid  sulphate  in 
the  lanthanum  sulphate  studied  by  Jones,  and  also  suggests  that 
die  latter  overlooked  the  hygroscopic  nature  of  his  material.  If 
further  investigation  sustains  these  criticisms,  then  the  Brauner 
value  is  to  be  preferred. 

YTTERBIUM. 

Atomic  weight  redetermined  by  Astrid  Cleve,*  with  very  pure 
material.  The  method  employed  was  the  synthesis  of  the  sulphate 
from  the  oxide.  The  data  are  as  follows,  when  O  =  16  and 
S  =  32.06. 

Weight  YbsO,.  Weight  Ybs(S04},.  Atomic  weight. 
o.779>                                           1.2535  173.22 

0-5190  0.8353  173.05 

0.4905  0.7894  173.07 

These  figures  confirm  the  earlier  determination  by  Nijson. 

URANIUM. 

The  work  of  Richards  and  Merigold'  upon  the  atomic  weight 
of  uranium  is  rich  in  details,  and  also  in  matter  relative  to  probable 
sources  of  error.  The  substance  finally  chosen  for  study  was 
uranous  bromide  prepared  by  sublimation,  and  scrupulously  pro- 
tected from  the  oxidizing  action  of  the  air.  It  contained  a  minute 
quantity  of  sodium  bromide,  but  the  amount  of  this  was  deter- 
mined, and  the  necessary  correction  was  applied.  All  weights 
refer  to  a  vacuum,  and  the  antecedent  atomic  weights  -were 
0  =  16,  Ag  =  107.93,  and  Br  =  79.955.  A  preliminary  series  of 
analyses  gave  as  follows,  all  corrections  included : 

Weight  UBr4, 

2.2058 
1.4418 
1.4050 
I.I749 

*  Ztsekr.  emorg,  Chem.^  33.  317. 
'  I^id.,  3a,  xa9. 

•  Proc.  Amer.  Acad,^  37,  365. 


ight  AgBr. 

Atomic  weight. 

2.9699 

238.36 

1.9401 

238.69 

1. 8910 

238.56 

I.5818 

238.39 

Mean,     238.50 
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In  another  and  final  set  of  experiments,  the  uranous  bromide 
was  titrated  with  known  amounts  of  pure  silver,  and  the  precipi- 
tated silver  bromide  was  also  weighed.  Hence  two  ratios  were 
determined^  with  the  following  results : 


Wdght  UBr4. 

Weight  Af  Br. 

Atomic  weif tat. 

1.7999 

3.4326 

23*54 

1.0663 

1.4352 

338.50 

I.8551 

2.4967 

238-59 
Mean,    338^ 

Weight  UBr*. 

Weight  Ag. 

Atomic  weight. 

1.7999 

I.3918 

238.49 

1.0662 

0.8245 

238.46 

I.855I 

1.4342 

338.60 

Mean,    338.53 
Average  of  all  determinations,  238.53 

Average  of  last  six  determinations,       238.53 

This  result  is  notably  lower  than  the  usually  accepted  value  tor 
the  atomic  weight  of  uranium. 

Prom  series  2  and  3  the  ratio  between  silver  and  bromine  may 
be  deduced.  It  gives  for  the  percentage  of  Ag  in  AgBr  the 
number  57.447.  Stas  found  57.445.  This  agreement  is  emi- 
nently satisfactory. 

RADIUM. 

By  many  fractional  crystallizations,  Madame  Curie^  has  suc- 
ceeded in  preparing  radium  chloride  sufficiently  pure  for  determi- 
nations of  the  atomic  weight  of  the  metal.  According  to  Demar- 
cay,  who  examined  the  spectrum  of  the  material,  it  contained  a 
minimum  quantity  of  barium,  incapable  of  exerting  any  appreci- 
able influence  upon  the  atomic  weight.  Three  analyses  were 
made,  the  chlorine  being  weighed  as  silver  chloride,  with  the 
following  values  deduced  for  the  atomic  weight  of  radium. 

225.3 
225.8 
334.0 

Mean,    335.0 
MISCELLANEOUS  NOTES. 

Several  papers  have  appeared  during  the  year,  dealing  with 
numerical  relations  between  the  atomic  weights  of  the  various 

>  Cornet.  Rend.^  13s,  161. 
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dements.  Three  of  them,  by  Bilecld/  Marshall,'  and  Hollins/ 
relate  to  possible  modifications  of  ^Trout's  law";  that  is,  they 
point  out  relations  analo^us  to.  but  not  identical  with,  those 
assumed  by  Prout.  Schmidt^  and  Stoney*  discuss  the  connection 
of  the  atomic  weights  in  a  more  purely  mathematical  way,  and  so 
too  does  Vincent.*  The  l(^rithmic  spiral  of  Stoney  is  especially 
suggestive.  There  is  also  an  elaborate  memoir  by  Lord  Kelvin^ 
on  the  "weights  of  atoms";  and  a  discussion  by  Clarke*  of  the 
best  method  for  the  reduction  and  combination  of  atomic  weight 
determinations.  Ebaugh's  work  on  the  atomic  weight  of  arsenic,* 
which  was  cited  in  the  report  of  your  committee  for  1901,  has 
appeared  in  full  in  this  Journal. 

INTERNATIONAL  COMMITTEE  ON  ATOMIC  WEIGHTS. 

This  committee,  which  was  too  large  for  effective  working, 
has  appointed  a  smaller  body  for  action.  This  smaller  committee, 
consisting  of  F.  W.  Clarke,  T.  E.  Thorpe  and  Karl  Seubert,  has 
already  reported,  and  its  report  has  appeared  in  this  Journal.^*  The 
table  of  atomic  weights,  there  given,  need  not  be  repeated  here. 


THE  DISTRIBUTION  OP  HYDROGEN  SULPHIDE  TO  LABO- 
RATORY CLASSES. 

By  Craalhs  Latbrop  Parsons. 

RccdTttil  December  «,  ipee. 

So  MUCH  has  been  writtenregardingnewformsofgenerators  for 
hydrogen  sulphide  and  their  use  in  the  laboratory  that  cme  must 
needs  approach  the  subject  with  trepidation  and,  at  least,  the 
semblance  of  an  apology.  There  are,  however,  few  teachers  of 
chemistry  who  have  not  experienced  the  many  inconveniences  in 
the  use  of  this  most  important  laboratory  reagent,  inoMiveniences 
that  are  too  frequently  little  understood  by  the  student  himself 
and  which  are  generally  the  direct  result  of  wasteful  use.    It  is 

'  Ckfm.  Zlg.^  %6,  399- 

*  IM.,  96f  663.  aod  ObnM.  News,  S6,  88. 
»  Chem.  Newt,  S6,  147. 

*  Ztschr.  oMorg.  Chem.,  31,  147. 

*  Pkii.Mag.  (6),  4,  411  and  504. 

*  Ibid,,  (6).  4, 103. 

f  Ibtd.,  (6).  4, 177  and  afii. 

*  Am.  Ckem.J.,  »7,  321. 

*  Tbis  Jottrnal,  34, 489,  June.  1903. 

^  V.  ag,  p.  I,  January,  1903 ;  and  Ztschr.  angew.  Ckem,^  19, 1305. 


232  CHARUBS  LATHROP  PARSONS. 

always  easy  to  instruct  students  to  allow  the  gas  to  flow  tfarough 
the  solution  undergoing  analysis  at  a  rate  no  faster  than  one  or 
two  bubbles  a  second  and  always  to  dose  the  outlet  when  not  in 
use,  but  it  is  an  impossibility  to  attain  this  result  with  individuals. 
Also  the  constant  cleaning  and  replenishing  of  the  large  generators 
and  the  limited  efficiency  which  most  of  them  possess,  has  led 
many  instructors  to  require  each  student  to  prepare  his  own  hydro- 
gen sulphide  as  wanted  rather  than  to  depend  upon  a  general 
laboratory  supply.  This  method  is  to  be  deplored  even  with  small 
classes,  while  with  larger  numbers  it  leads  to  a  laboratory  condi- 
tion which  there  is  no  necessity  to  describe.  The  constant  use  in 
my  laboratories,  for  several  years,  of  the  main  principle  of  Ac 
apparatus  about  to  be  described  and  the  almost  complete  removal 
of  the  difficulties  I  had  before  experienced,  emboldens  me  to  be- 
come a  contributor  to  this  already  voluminous  Subject. 

THE  SYSTEM  OF  SUPPLY. 

The  usual  small  lead  pipe  of  approximately  8  mm.  diameter  is 


Plff.  I.    DeUil  of  outlet. 

run  from  hood  to  hood  where  wanted  and  in  each  hood  any 
number  of  short  lengths  of  4  mm.  diameter  are  soldered  on  for 
outlets.  The  ends  of  these  smaller  outlets  are  then  fused  together 
and  a  fine  opening  made  with  a  needle.  To  these  lead  outlets  are 
attached,  by  means  of  a  rubber  connection,  pieces  of  thermometer 
tubing  bent  as  shown  in  Fig.  i  and  of  such  a  length  that  only  a 
limited  flow  of  gas  can  be  obtained  under  the  pressure  used.  In 
my  own  practice,  under  a  pressure  of  20  cm.,  a  length  of  about  I3 
cm.  is  required  to  check  the  flow  down  to  the  rate  of  2  bubbles 
a  second  which  is  fast  enough  for  any  ordinary  use.    The  ther- 
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mometer  tubing  i$  bent  as  shown  in  the  figure  and  another  short 
piece  of  rubber  tubing  is  attached  for  a  final  outlet.  This  is 
closed  with  a  simple  glass  plug,  which  is  much  to  be  preferred  to  a 
clamp.  The  whole,  with  the  exception  of  the  end  of  the  rubber  tube 
carrying  the  plug,  is  hidden  from  sight  by  a  wooden  block  appro- 
priately channeled  on  the  back  to  receive  the  thermometer  and 
lead  tubing,  and  screwed  on.  The  student  removes  the  plug, 
inserts  his  own  delivery  tube,  secures  a  fixed  flow  of  gas  and,  as 
the  whole  system  is  apparently  open  when  he  removes  his  delivery 
tube,  he  seldom  fails  to  insert  the  plug.  If  he  does,  but  little  harm 
ensues.  The  flow  can  be  regulated  by  the  length  of  the  thermom- 
eter tubing  used  and  the  length  of  tubing  required  can  easily  be 
determined  by  experiment.  A  few  centimeters  variation  in  pressure 
makes  but  little  difference  in  the  flow.  The  rubber  tubing  connec- 
tions should  be  made  tight  and  permanent  by  slightly  heating  the 
lead  and  glass  and  they  need  to  be  renewed  about  once  each  year. 
There  is  practically  no  trouble  arising  from  the  stoppage  of  the 
capillary  tube,  only  some  half  dozen  tubes  having  been  stopped  up 
in  an  experience  of  five  years. 

THK  GENERATOR. 

The  generator  (Fig.  2)  consists  of  three  essential  parts:  (i) 
The  add  container  A.  (2)  The  trap  and  holder  of  spent  acid  B. 
(3)  The  iron  sulphide  holder  and  gas  generator  proper  C.  All 
of  these  parts  may  be  made  of  glass,  porcelain  or  heavily  glazed 
earthenware.  Earthenware  is  much  the  dieapest  but  I  have 
experienced  much  difficulty  in  having  it  made  gas-tight.  This  is 
fundamental  in  the  construction  of  the  tower  and  bell  C,  By 
coating  a  common  earthenware  tower  with  asphalt  paint  both 
inside  and  out  I  have,  however,  obtained  excellent  service  from  the 
one  now  in  use. 

The  add  container  A  holds  approximately  10  liters  of  acid.  It 
is  so  arranged  by  means  of  an  inverted  jug,  or  bottle,  that  the  level 
is  maintained  constant  at  A.  The  inverted  bottle  has  a  shoulder 
blown  on  which,  resting  on  the  top  of  the  containing  jar,  holds  it 
in  place.  It  is  filled  with  i  :8  sulphuric  acid  or  1 14  hydrochloric 
acid.  The  hydrochloric  acid  is  quicker  in  its  action  on  the  iron 
sulphide  and  for  that  reason  only  is  to  be  preferred.  The  sul- 
phuric add,  however,  is  cheaper,  answers  every  purpose  and  no 
trouble  whatever  is  experienced  from  the  sulphate  formed.  The 
ptessure  is  determined  by  the  perpendicular  distance  between  h 
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Pig.  2.    Getirratinirappiin^tUJt. 

and  t  and  is  limited  by  the  greatest  adjustable  distance  between  the 
equal  and  balancing  pressure  x  and  y.  The  connection  between  A 
and  C  is  made  by  means  of  a  U-shaped  glass  and  rubber  tube.  It 
will  be  easily  understood  that  any  increase  of  pressure  in  C  caused 
by  the  production  of  gas  will  immediately  force  the  add  back  into 
the  arm  nearest  to  C  thus  stopping  the  flow  of  acid.  The 
variation  due  to  this  increase  of  pressure,  while  com- 
pletely stopping  the  flow  of  acid,  is  seldom  so  great 
as  a  single  centimeter,  for  the  enlargement  at  the  bottom  of 
C  takes  up  the  excess  of  gas  and  the  counterbalancing  pressure  x 
to  y  serves  as  a  cushion.  The  entrance  tube  at  the  top  of  C  should 
be  about  i  cm.  in  diameter  to  avoid  a  slight  siphon  action  which 
is  caused  by  the  short  bend  where  it  enters.  The  glass  level  out- 
side pf  A  serves  simply  to  show  when  the  acid  supply  in  the  inside 
container  is  exhausted,  provided  this  is  made  of  opaque  material. 
The  holder  B  is  35  cm.  high  by  28  cm.  inside  diameter,  and  is 
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provided  with  a  constant  level  and  overflow  to  drain.  It  should 
be  covered  to  prevent  evaporation  and  consequent  crystallization  of 
sulphate.  The  rate  of  diffusion  of  a  gas  through  a  liquid  is  so 
slow  that  there  is  practically  no  odor  thrown  off  into  the  room 
from  the  surface  of  the  liquid. 

The  tower  C  is  the  gas  generator  proper  and  consists  of  a  bell 
jar  22  by  25  cm.  as  a  gas  holder  and  pressure  cushion,  having  a 
few  openings  at  the  base  for  the  free  passage  of  liquid.  To  the 
top  of  the  bell  jar  is  attached  a  cylinder  10  cm.  inside  diameter 
and  50  cm.  high  having  four  constrictions  at  the  base  to  hold  a  per- 
forated plate.  It  is  filled  with  iron  sulphide  in  small  lumps  or 
broken  sticks.  The  bell  jar  and  cylinder  are  best  made  in  one 
piece,  but  if  made  of  glass  they  may  be  connected  by  m^ns  of  a 
ground  joint.  This  presents  no  advantage  from  the  standpoint  of 
the  chemist  but  does  from  that  of  the  glass-blower.  The  add 
enters  the  tower,  drop  by  drop  and  in  trickling  through,  the  iron 
sulphide  is  soon  exhausted.  Even  with  a  large  number  of  outlets 
in  actual  use  the  acid  seldom  enters  other  than  dropwise.  A  small 
wad  of  glass  wool  should  be  placed  on  top  of  the  iron  sulphide 
to  spread  the  acid  and  prevent  the  formation  of  channels.  The 
exit  tube  should  pass  to  a  wash-bottle  more  for  the  purpose  of 
making  the  rate  of  gas  flow  visible  and  of  detecting  any  leak  in 
the  line  when  not  in  use  than  for  any  need  of  purification  of  the 
gas.  It  will  also  be  apparent  that  when  the  generator  is  first 
placed  in  action  the  flow  of  the  acid  should  be  controlled  by  press- 
ing the  rubber  tube  with  thumb  and  forefinger  until  the  pressure 
between  x  and  y,  which  balances  that  between  h  and  i,  has  estab- 
lished itself. 

A  generator  of  this  size  will  easily  supply  100  outlets  of  the 
form  described,  even  if  all  were  in  use  at  one  time.  A  smaller 
generator  is,  however,  not  to  be  recommended  in  any  case,  for 
a  considerable  width  and  height  of  the  iron  sulphide  column  is 
essential  to  its  proper  working  and  to  insure  the  almost  ccmiplete 
neutralization  of  the  acid.  The  generator  can  be  easily  shut  off 
each  night  although  this  is  never  done  in  my  own  practice.  A 
leak  is  at  once  made  apparent  by  the  gas  wash-bottle  and  easily 
found  with  a  piece  of  lead  acetate  paper. 

The  following  advantages  are  claimed  for  this  form  of  gener- 
ator    They  include  all  of  those  mentioned  by  Richards  as  desir- 
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able  in  his  very  complete  article  on  the  subject  of  gas  generators.^ 
(i)  Like  the  Kipp  generator  it  is  perfectly  automatic  so  long 
as  the  gas  flow  is  ch<^ed  to  less  than  the  maximum  capacity  of  the 
generator. 

(2)  The  pressure  is  regulated  at  will  and  is  almost  constant  for 
the  height  chosen.  In  practice  it  seldom  varies  by  so  much  as  a 
single  centimeter. 

(3)  Only  fresh  acid  comes  in  contact  with  the  reacting  solid. 

(4)  Under  any  normal  requirements,  the  full  capacity  of  the 
acid  is  obtained. 

(5)  The  products  of  the  reaction  are  automatically  removed. 
Ferrous  sulphate  has  never,  in  my  experience,  crystallized  out  in 
the  bottom  of  the  apparatus.  Some  small  grains  of  ferrous  sulphate 
do  form  in  time  on  the  iron  sulphide  itself  but  cause  riotroubleand 
can  easily  be  removed  by  running  a  stream  of  water  through  the 
acid  inlet  for  a  few  minutes.  So  far,  I  have  never  found  this 
necessary,  but  it  is  easily  accomplished  and  may  well  be  done 
whenever  the  iron  sulphide  is  renewed.  Large  crystals  do  not 
form. 

(6)  There  are  no  stop-cocks  or  valves. 

(7)  It  is  easily  cleaned  and  refilled  without  being  taken  down, 
simply  by  removing  a  rubber  stopper. 

(8)  When  used  in  connection  with  the  economical  choked 
supply  system  before  outlined,  it  requires  no  attention  whatever 
for  days  or  even  weeks  at  a  time,  depending  wholly  upon  the 
amount  of  gas  used,  and  then  only  to  renew  the  acid,  as  the  iron 
sulphide  will  outlast  many  acid  supplies. 

(9)  If  for  any  reason  a  large  leak  develops,  the  acid  runs 
through  rapidly,  little  iron  sulphide  is  used  up,  and  once  the  supply 
of  acid  has  run  through  all  action  ceases.  Of  course,  it  does  not 
distinguish  between  a  small  leak  and  a  l^itimate  outlet. 

The  generator  works  equally  well  for  the  production  and  supply 
of  carbon  dioxide,  the  automatic  action  being  sharper  on  account 
of  the  much  more  rapid  evolution  of  gas.  It  is  perhaps  unneces- 
ary  to  add  that  it  may  be  used  for  the  production  of  hydrogen  or 
for  any  gas  that  is  set  free  with  a  fair  degree  of  rapidity,  by  the 
action  of  a  liquid  upon  a  solid. 

Nbw  Hampsrxrb  Collbgb, 
Durham,  N.  H. 
^  Am.  Chem.J.,  ao,  189. 
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Shimer^  has  shown  that  a  platinum  crucible  provided  with  a 
special  water-cooled  stopper  and  rubber  gasket,  may  be  used  as 
successfully  as  the  more  expensive  platinum  tube  and  gas-con- 
suroing  furnace  for  carbon  combustions. 

The  prevalent  idea  regarding  his  form  of  apparatus,  seem^  to 
be  a  fear  of  the  rubber  gasket  causing  error  by  burning  directly  or 
by  becoming  hard  and  brittle,  allowing  small  pieces  to  drop  into 
the  crucible,  when  the  stopper  is  pushed  into  place. 

In  the  following  form  of  apparatus  designed  by  the  writer,  no 
rubber  gasket  or  washer  is  used,  and,  as  in  Shimer's  apparatus,  in 
place  of  the  furnace,  a  Bunsen  burner  or  blast-lamp  is  used,  and 
air  in  place  of  oxygen. 

It  consists,  as  seen  in  the  drawing,  of  three  parts.  A,  B  and  C, 
also  an  asbestos  washer,  d.  ^  is  a  water-cooled  brass  cup.  B  is 
the  cup  basing  or  crucible  support,  also  made  of  brass.  Part  C  is 
the  platinum  crucible,  provided  With  a  flange  around  the  top,  and 
was  remodeled  fr<Mn  a  30  cc.  crucible.  This  special  shape  in- 
creases its  length  and  allows  over  i  inch  to  be  brought  to  a  full 
red  heat  when  placed  over  the  burner. 

Part  d  is  an  acid-washed  asbestos  washer,  made  from  a  piece  of 
asbestos  wick  yam>  of  such  a  length  as  to  allow  the  beveled  ends 
to  lap  for  about  one-half  inch.  It  is  moistened  and  laid  in  place 
on  the  flange  of  casing  B,  then  pressed  into  place  by  screwing  cup 
A  down  upon  it,  the  crucible  being  left  out  of  place.  This  will 
force  out  the  excess  of  moisture  in  the  washer  and  flatten  it. 
When  the  washer  presents  an  even  surface  and  has  filled  the  flange 
of  B  full,  it  is  ready  to  receive  the  crucible. 

The  crucible  is  now  dropped  into  place,  its  flange  resting  upon 
the  washer,  and  the  cup  A  screwed  down,  using  a  gentle  but 
firm  pressure.  That  part  of  the  cup  A,  whicb  rests  partly  upon 
the  flange  of  the  crucible  and  partly  upon  the  asbestos  washer,  is 
turned  true,  and  polished,  and  coming  in  contact  with  the  crucible 
flange  and  moist  asbestos  washer  insures  an  air-tight  joint.  If 
water  is  now  allowed  to  circulate  through  the  cup  at  about  120  cc. 

'  This  Journal,  ai,  557. 
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per  minute  the  washer  will  remain  moist  when  the  crucible  is 
heated  with  the  blast-lamp,  the  casing  and  cup  being  protected  by 
the  asbestos  board. 

Two  washers  may  be  used,  one  above  and  one  below  the  cnidhlc 


flange,  or  the  flange  of  the  crucible  may  rest  directly  upon  the 
casing  flange  and  the  washer  placed  on  top  of  the  crucible  flange. 
The  author  has  used  a  pure  rubber  washer,  letting  it  rest  directly 
upon  the  flange  of  the  crucible,  which  in  turn  rested  upon  the 
casing  flange  of  B,  but  it  was  found  that  the  blank  determinations 
were  always  high,  that  is  0.0008  gram,  but  were  constant,  if  care 
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was  taken  not  to  heat  the  crucible  for  more  than  about  five-eighths 
of  an  inch  from  the  bottom,  to  a  red  heat. 

Once  in  place  it  is  not  necessary  to  remove  the  crucible,  and  a 
large  number  of  determinations  can  be  made,  requiring  no  removal 
of  the  crucible,  or  rearrangement  of  the  washer. 

The  cup  A,  it  will  be  seen,  carries  an  outlet  and  an  inlet  tube  for 
air,  brazed  into  place.  It  is  also  provided  with  an  outlet  tube  for 
water,  and  by  connecting  this  tube  to  a  glass  tube,  giving  to  the 
water  sufficient  fall,  it  will  act  as  a  siphon  and  carry  the  water 
away  rapidly.  The  inflow  is  obtained  by  allowing  a  glass  tube 
attached  to  some  source  of  supply,  preferably  the  tap,  to  rest 
directly  upon  the  bottom  of  the  cup,  and  having  the  supply  so 
regulated  that  the  outflow  will  carry  it  off. 

The  train  for  the  combustion  of  carbon  as  used  with  this  appa- 
ratus consists  of  the  following  parts : 

( 1 )  Air  supply  obtained  from  furnace  blast  or  aspirated  from 
bottles. 

(2)  Potassium  hydroxide  bulbs  containing  potassium  hydrox- 
ide of  1.40  sp.  gr. 

(3)  A  small  guard  tube  to  catch  any  drops  of  potassium  hy- 
droxide that  might  find  their  way  from  the  potash  bulbs. 

(4)  Combustion  crucible,  closed  by  a  special  water-cooled  cup 
and  casing  and  resting  upon  an  asbestos  board.  The  bottom  part 
of  the  crucible  projects  1%  inches  through  the  board  and  is  heated 
by  a  flame  placed  directly  beneath  it.  The  whole  arrangement  is 
supported  by  a  tripod. 

(5)  Copper  oxide  tube ;  a  brass  tube  12  inches  long  and  }i  of  an 
inch  in  diameter,  containing  granular  copper  oxide  in  that  part  of 
the  tube  ^hich  is  subjected  to  redness.  This  tube  is  water-jack- 
eted, as  recommended  by  Dr.  Sargent.*  If  these  water-coolers  are 
made  over  copper  tubes,  large  enough  in  diameter  to  allow 
the  copper  oxide  tube  to  slide  freely  through  them,  but  not  too 
loosely,  it  will  be  found  a  simple  matter  to  replace  the  copper 
oxide  tube  at  any  time.  These  coolers  are  best  supplied  with 
water  directly  from  the  tap,  the  outlet  of  one  cooler  being  con- 
nected to  the  inlet  of  the  other  by  glass  tubing  and  rubber  connec- 
tions, and  the  waste  water  carried  to  a  suitable  drain  pipe,  near 
at  hand.    The  copper  oxide  tube  rests  upon  a  tripod  and  over  it  is 

1  Thif  Joomal,  aa,  277. 
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placed  a  piece  of  fire-brick,  cut  so  as  to  form  an  arch  over  the 
tube,  and  retain  the  heat..  The  copper  oxide  tube  is  heated  fOr  a 
length  of  3  inches  to  a  good  red  heat,  and  if  the  Bunsen  flame  will 
not  do  this,  a  blast  is  used  allowing  it  to  strike  the  fire4mck  fint 
and  curl  around  the  tube. 

(6)  The  next  part  of  the  train,  is  that  recommended  by  Job 
and  Davies/  and  consists  of  a  U-tube,  6  inch  form,  containing  in 
the  arm  nearest  the  copper  oxide  tube,  thoroughly  ddiydrated 
cupric  sulphate,  and  in  the  other,  thoroughly  dehydrated  cuproos 
chloride. 

(7)  A  silver  sulphate  tube  containing  10  cc.  of  silver  sulphate 
solution. 

(8)  A  calcium  chloride  tube,  filled  with  freshly  and  thoroughly 
dehydrated  granular  calcium  chloride. 

(9)  The  potash  absorption  bulb,  same  style  as  used  by  Dr. 
Sargent?  and  Job*  and  Davies. 

( 10)  A  guard  tube  of  calcium  chloride. 

The  solution  of  steels  is  obtained  by  the  use  of  an  acidified  solution 
of  double  chloride  of  copper  and  potassium.  The  filtration  of  the 
carbon  is  effected  as  follows.  A  glass  rod,  small  enough  in 
diameter  to  pass  through  the  stem  of  a  carbon  filtering  tube  Ji 
by  3  inches,  is  flattened  out  at  one  end  as  recommended  by  Shimer.* 
Upon  this  flattened  end  is  supported  a  platinum  perforated  disk 
smaller  than  ^  inch,  so  that  it  just  about  clears  the  sides  of  the 
tube  when  dropped  into  place.  The  glass  rod  and  platinum  or 
porcelain  disk  are  put  into  place  in  the  carbon  filtering  tube,  a 
layer  of  dry  asbestos  previously  washed  and  ignited  is  made  upon 
the  disk,  and  a  little  short-fiber  asbestos  suspended  in  water  is  then 
poured  upon  it,  until  a  felt  of  about  }i  inch  or  more  is  formed. 

The  filtering  is  done  upon  this  bed,  using  suction.  When  the 
washings  are  completed,  the  suction  is  turned  on  hard  and  the  felt 
sucked  dry.  The  platinum  disk  carrying  the  asbestos  felt  and 
carbon  residue  is  then  pushed  to  the  top  of  the  funnel  tube,  and 
as  a  general  thing  it  will  be  found  to  wipe  the  sides  of  the  tube 
free  from  carbon ;  when  near  the  top  it  is  pushed  forward  with  a 
sudden  jerk,  carr3dng  it  out  of  the  tube.  It  may  then  be  placed 
upon  a  watch-glass,  put  in  the  oven  and  dried.    The  asbestos  fdt 

1  This  Joumalf  as,  791. 
«  Im:.  cit. 
•  Loe.eit, 
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and  carbon  should  be  transferred  from  the  tube  to  the  watch-glass 
just  as  soon  as  the  felt  has  been  freed  from  excess  of  water, 
otherwise  the  carbon  may  dry  upon  the  sides  of  the  filtering  tube 
and  cannot  be  wipeu  clean  when  the  asbestos  plug  is  pushed  for- 
ward, and  this  will  necessitate  the  use  of  a  little  ignited  asbestos 
to  wipe  the  sides  of  the  tube,  the  only  objection  to  any  form  of 
filtration  for  carbon  which  necessitates  a  transference  of  the 
carbon  residue. 

With  such  an  arrangement  6  or  8  carbons  might  be  filtered 
at  one  time,  or  in  the  time  it  generally  takes,  to  filter  one,  by 
simply  having  6  or  8  tubes  suitably  connected  toia  source  of 
suction.  With  a  little  practice  it  will  be  found  that  it  is  not  often 
necessary  to  clean  out  the  tube  with  an  extra  piece  of  asbestos. 

After  the  carbon  plug  is  dry,  it  is  transferred,  carbon  side  down, 
to  the  platinqm  crucible  and  it  is  best,  as  recommended  by  Sfiimer,* 
to  have  a  thin  platinum  disk  in  the  bottom  of  the  crucible.  The 
platinum  disk  used  for  filtering  is  removed  from  the  asbestos  felt 
before  it  is  introduced  into  the  crucible,  a  very  easy  operation  as  the 
felt  in  drying  turns  up  at  the  edges  so  that  it  may  be  picked  up 
Mnth  forceps  and  transferred  to  the  crucible.  The  felt  carrying 
the  carbon  is  pressed  against  the  bottom  and  sides  of  the  crucible, 
and  if  it  was  found  necessary  to  wipe  the  sides  of  the  filtering 
tube  with  ignited  asbestos  this  too  is  added,  keeping  it  close  to  the 
sides  of  the  crucible.  If  now  a  platinum  disk,  the  same  as  used 
in  filtering,  is  dropped  upon  the  felt  it  will  greatly  aid  in  keeping 
the  heat  in  the  bottcxn  of  the  crucible,  although  it  is  by  no  means 
necessary. 

The  asbestos  washer  is  now  moistened  with  a  little  water  (about 
5  or  6  drops),  as  is  also  the  contact  flange  of  the  cup,  using  the  wet 
finger;  the  cup  is  now  screwed  into  place  and  drawn  up  tight. 
The  apparatus  is  placed  on  the  asbestos  board,  over  the  tripod, 
the  water  connections  made,  and  the  air-inlet  and  air-outlet  tubes 
connected  to  the  absorption  train.  The  copper  oxide  tube  having 
in  the  meantime  been  heating,  air  is  now  turned  on  and  allowed  to 
flow  at  the  rate  of  4  bubbles  per  second  for  five  minutes,  when  the 
weighed  potash  bulb  is  introduced  in  the  train  and  the  Bunsen 
flame  is  brought  under  the  combustion  crucible ;  J4  to  i  inch  may 
easily  be  brought  to  a  good  red  heat.    The  author  has  been  using 
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fifteen  minutes  for  a  combustion  and  fifteen  for  aspiration,  with 
an  air  flow  of  4  bubbles  per  second  during  combustion  and  5 
during  aspiration,  and  combustions  may  be  made  in  less  time  than 
this,  as  the  combustion  is  completed  in  from  ten  to  fifteen  minutes, 
and  it  is  simply  a  matter  of  washing  all  the  carbon  dioxide  from 
the  train  in  as  short  a  time  as  possible  and  using  the  least  amount 
of  air. 

Blank  determinations  as  obtained  with  this  apparatus  do  not 
run  over  0.0005  gram,  and  have  been  as  low  as  0.0002  gram.  The 
results  obtained  on  standard  samples,  the  carbon  of  which  was 
determined  by  combustion  in  platinum  and  porcelain  tubes, 
checked  very  closely  and  a  series  of  determinations  on  the  same 
sample  were  very  concordant. 

The  following  changes  might  be  made  in  the  apparatus:  (i) 
It  could  be  made  of  aluminum.  (2)  The  upper  outside  face  of 
both  cup  and  casing  might  be  knurled,  affording  a  better  hold  in 
putting  together.  (3)  The  cup  might  be  closed  and  provided 
with  water  inlet  and  the  outlet  tube  connected  to  the  water-jacket 
of  the  copper  oxide  tube,  thereby  reducing  the  number  of  water 
connections.  (4)  The  air  inlet  tube  should  be  bent  a  little  towards 
the  center  and  away  from  the  walls  of  the  crucible.  The  original 
cost  of  the  above  form  of  apparatus  need  not  exceed  $5,  not  of 
course  including  the  crucible,  and  can  be  made  in  any  machine 
shop. 

I«ABORATORY  OF  THE  E.  AND  G.  BROOKE  IRON  CO.. 
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OCCURRENCE  OF  SALICYLIC  ACID  IN  FRUITS.' 

By  p.  W.  Traphaobm  and  Edmund  Burke. 
Received  Nwember  13, 190a. 

For  the  past  twelve  months  or  more,  tests  for  salicylic  acid  in 
various  fresh  fruits  have  been  carried  on  in  the  laboratory  of  the 
Montana  Experiment  Station  with  the  result  of  showing  its  almost 
constant  presence  in  extremely  small  quantity. 

So  far  as  we  know  the  only  similar  work  has  been  done  by 
Fortes  and  Desmouliere*  who  report  its  presence  to  the  extent  of 

>  Read  at  the  November  meeting  of  the  New  York  Section  of  the  American  Chemial 
Society. 

*y.  PkarM.  Cktm.,  14,  342. 


SALICYLIC  ACID  IN  FRUITS.  243 

a  milligram  to  the  kilc^;ram  of  strawberries.  Desmouliere,  in  his 
doctorate  thesis  in  the  Universite  de  Paris,  also  reports  its  presence 
in  raspberries,  mulberries  and  licorice  root.^  This,  so  far  as  we 
know,  covers  all  the  work  done  on  fresh  fruit  outside  of  this 
laboratory.  It  is  probable  that  the  acid  is  present  as  the  methyl 
salt,  which  is  well  known  in  oil  of  wintergreen,  though  we  have 
not  yet  taken  steps  to  prove  this. 

Among    the    fruits    from    which    we    have    obtained    the 
salicylic  acid   reaction   are   the   following:   strawberries,   rasp- 
berries   (both   red   and   black),   blackberries,   currants,   plums, 
black  cherries,  apricots,  peaches,  Concord  grapes,  crab-apples, 
standard  apples  and  oranges.    In  a  few  instances  we  have  made 
this  work  quantitative  with  the  following  results : 
Currants,  0.57  mg.  add  per  kilo  of  fruit. 
Cherries,  040  mg.  acid  per  kilo  of  fruit. 
Plums,  0.28  mg.  acid  per  kilo  of  fruit. 
Crab-apples,  0.24  mg.  acid  per  kilo  of  fruit. 
Grapes,  0.32  mg.  add  per  kilo  of  fruit. 

These  values,  however,  are  not  absolute  but  only  comparative, 
and  represent  the  amount  which  we  have  succeeded  in  extracting 
in  each  case.  We  distilled  the  fruit  with  phosf^oric  acid,  ex- 
tracted the  distillate  with  ether,  took  up  with  a  small  amount  bf 
water,  and  applied  the  ferric  chloride  test  after  the  ether  had 
evaporated.  Check  analyses  made  with  known  amounts  of  sali- 
cylic acid  showed  that  not  nearly  all  of  the  acid  was  extracted 
by  this  method.  We  have  also  found  the  salicylic  acid  reaction  to 
be  given  by  tomatoes,  cauliflower  and  string  beans. 

It  seems  to  us  that  the  bearing  of  this  work  is  very  important, 
particularly  as  r^;ards  the  investigations  of  food  chemists.  While 
these  very  small  quantities  may  not  react  to  the  tests  for  salicylic 
add  as  usually  applied,  especially  in  view-  of  the  small  amount  of 
material  generally  worked  upon  (25  grams),  yet  a  knowledge  of 
its  wide  distribution  may  save  reporting,  on  occasions,  materials 
as  adulterated  to  which  salicylic  acid  has  not  been  added. 
Knowing  that  salicylic  acid  may  occur  in  many  of  the  sub- 
stances, either  a  quantitative  determination  will  be  necessary 
in  each  case  or  it  will  be  well  to  report  only  on  strong  reactions. 
We  were  led  to  this  investigation  by  the  protest  of  a  well-known 

V. /««rw.  Ok/M.,  i«,  S6. 
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reputable  firm  in  whose  currant  jelly  we  reported  salicylic  acid  but 
which  was  present  in  no  greater  quantity  than  we  have  since  found 
it  in  the  fresh  currants.  A  similar  experience  was  lately  had  in 
one  of  the  state  laboratories  for  food  control. 

In  addition  to  the  above  work  we  are  studying  the  distributioa 
of  benzoic  acid  in  fruits  and  vegetables,  and  hope  to  be  able  to 
publish  our  results  within  the  year. 

MOMTAZf  A  BXPBRIMENT  STATION. 

BozBMAN ,  Mont. 
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IODINE  ABSORPTION  OF  OILS  AND  FATS. 

A  COMPARISON  OP  METHODS. 

By  h'  M.  TOLMAN  AND  l«.  S.  MUNSON. 
Received  December  as,  igo*. 

The  Htibl  method  has  been  used  almost  entirely  for  this  deter- 
mination but  it  has  several  faults.  First,  the  solution  rapidly 
loses  in  strength  so  that  it  will  change  materially  during  a  deter- 
mination, and  after  standing  a  week  or  so  becomes  too  weak  for 
use.  Second,  it  is  so  slow  in  its  reaction  with  some  of  the  oils, 
such  as  linseed,  that  a  very  serious  error  is  brought  about  by  the 
change  in  the  strength  of  the  solution  during  the  time  of  reacting. 

Wijs^  showed  how  considerable  this  error  might  be,  and  the 
following  table  taken  from  his  work  shows  how  much  difference 
the  time  of  titrating  the  blank  makes  in  the  iodine  number. 

Tabi«e  I.— Iodine  Numbers  op  Linseed  Oil  by  Hubi;  Method. 

Time  of 

absorption. 

Hours. 

2 

7 

These  figures  show  a  decrease  in  the  iodine  number  after  seven 
hours,  if  the  blank  is  titrated  at  the  end  of  the  determination. 
Wijs  considers  that  the  true  iodine  number  in  this  case  lies  be- 
tween 173.7  2i^d  1.81.89.    This  variation  is  a  very  serious  objection 

1  Chem.  Rev.  Fett,  uTMartz.  Ind„  6,  6  (1899). 


Blank  Utrated 
at  beginning. 

BUnk  titrated 
at  end. 

17374 

177.65 

170.39 

781.89 

163. 16 
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to  the  Htibl  method,  and,  on  such  oils  as  have  a  high  number, 
greatly  reduces  the  value  of  the  determination  and  probably  ac- 
counts for  the  wide  range  of  figures  obtained  by  different 
analysts. 

A  solution  that  would  remain  permanent  would  completely  re- 
move this  source  of  error.  Two  new  sdutions  have  been  pro- 
posed as  substitutes  for  the  Htibl,  and  it  is  claimed  for  both  that 
they  change  but  little  with  age,  and  are  also  more  rapid  in  their 
action  than  the  Htibl  solution,  yet  give  results  agreeing  very 
closely  with  those  obtained  by  the  Hiibl  method. 

The  Wijs^  solution  is  iodine  chloride  dissolved  in  glacial  acetic 
acid.  The  Hanus'  solution  is  iodine  bromide  dissolved  in  glacial 
acetic  acid.  Wijs*  claims  that  a  solution,  made  up  with  acetic  acid 
(99  P^r  cent.)  showing  no  reduction  with  bichromate  and  sul- 
phuric acid  and  containing  a  very  slight  excess  of  iodine  in  order^to 
prevent  the  presence  of  any  iodine  trichloride,  remained  practically 
constant  for  eighteen  months.  Twenty-five  cc.  which  were  neu- 
tralized by  47.3  cc.  N/io  thiosulphate  at  the  beginning,  at  the  end 
required  46.9  cc.  N/io  thiosulphate.  Lewkowitsch*  found  that 
after  five  months  the  strength  of  such  -a  solution  was  practically 
unchanged.  Our  experience  has  been  the  same.  A  solution  re- 
mained practically  without  change  for  a  month. 

Hanus*  showed  that  a  solution  of  iodine  bromide  in  glacial 
acetic  acid  changes  only  very  slightly  in  three  months,  and  our 
experience  has  corroborated  this  claim.  The  Hanus  solution  was 
prepared  as  suggested  by  Hunt;'  13.2  grams  iodine  were  dis- 
solved in  1000  cc.  glacial  acetic  acid  (99.5  per  cent.),  which  gave 
no  reduction  with  bichromate  and  sulphuric  acid,  and  then  enough 
bromine  was  added  to  double  the  halogen  content  of  the  solution. 
This  takes  approximately  3  cc.  of  brcwnine.  The  iodine  solution 
should  be  cold  when  the  bromine  is  added.  Forty  cc.  of  a  solu- 
tion prepared  as  directed  above  contained  1.0300  grams  of  iodine: 
a  month  later  it  contained  i. 02791  grams.  This  difference  might 
easily  be  due  to  the  difference  in  temperature  at  the  time  the  40 
cc.  were  measured.     In  order  to  get  strictly  accurate  results  a 

1  Ber.  d.  chem.  Ges.^  31,  750  (1898). 

*  ZUehr.  Nahr.  u.  Genus.,  4,  913  (1901). 

*  /**«..  8.  499  (190a). 

«  Analyst,  94,  ^57  (1899). 

*  Ztschr,  Nakr,  u.  Genus.,  4, 916  (1901).* 
*y.  Soc,  Chem,  fnd.,  ai,  454  (1902). 


246  L.  M.  TOLMAN  AND  L.  S.  MUNSON. 

number  of  20  cc.  portions  were  measured  into  stoppered  flasks 
and  titrated  from  day  to  day.  The  following  table  shows  that^ 
the  solution  is  constant : 


Table  II. 

Time  of 
sunditiff. 

N/io  thtosttlphatc 
ao  oc.  iodine. 

D«yt. 

Cc. 

I 

45.50 

2 

45.50 

3 

45.55 

5 

45.50 

6 

45.55 

8 

4560 

This  is  enough  to  show  that  either  of  the  solutions  is  satisfactory 
and  very  much  better  than  the  Hiibl  in  retaining  its  strength. 

The  second  objection  to  the  Hubl  solution  is  slowness  of  re- 
action. The  time  recommended  to  be  allowed  in  order  to  com- 
plete the  reaction  is  variously  given  by  different  authors  from  two 
to  twenty-four  hours.  Allen*  recommends  two  hours.  The 
official  method  of  the  Association  of  Of&cial  Agricultural  Chemists 
requires  three  hours.  Lewkowitsch*  recommends  four  hours. 
Wijs'  showed  that  with  linseed  oil  the  absorption  was  not  complete 
in  seven  hours  and  perhaps  longer.  These  different  methods  will 
give  varying  results.  Wijs  recommends,  when  his  solution  is 
used,  fifteen  minutes  for  non-drying  fats  and  oils,  thirty  minutes 
for  semidrying  oils,  and  (me  hour  for  drying  oils. 

The  following  table  showing  results  obtained  with  both  Hanus' 
and  Wijs'  solutions  substantiates  these  claims. 

Tablk  III.— Time  Nhcbssary  por  Complbtb  Absorption  op  Iodihb. 

Iodine  numbert  by  Iodine  nambera  hf 

nanus*  method.  Wija'  method. 


No.             Kind  of  oil.             mm.         min.  hr.  min.  min.            hr. 

775      Cocoanut 8.7         8.6  ....  ....  .... 

22,077      Kontit 6.4          6.4  ....  ....  .... 

1,170      Batter 35.2        35.4  ....  ....  .... 

1.168          "     35.4        355  •  •  35.8  35.9         36.0 

Oleo  oil 43.2        43.4  ....  ....  .... 

4  Oleomargarine.     52.4        51.8  ."*  ....  .... 

5  "             •     51.9        52.1  ....  52.9  ••••          53.0 

9  **  .     64.6        65.1  

I                *!            .    52.2       52.4  ....'  

1  "Commercial  Organic  AnalyniA."  Vol.  II,  Part  i,  p.  64. 
<  *'  Chemical  Analysis  qf  Oils,  Pats  and  Waxes,"  1898,  p.  173. 
*  Ch£m.  Rev.  Felt,  u.  Hwrtz.  Ind,6,y  (1899). 
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Iodine  aitmbera  by  Iodine  nmnben  by 

lUnnt'  method.  Wijr  method. 

I«Ab.  15  3D  I  15  30  1 

Na  Kind  of  oil.  min.  min.  hr.  min.  mia.  hr. 

Oleomargariiie  •     80.4       80^         •  •  •  •  •  •  •  •  •  •  •  •  •  •  -  • 

23,606     Lard  cA 70.0       69.7         •  •  •  •  •  -  •  •  •  •  •  •  •  •  -  • 

7^     Olive  oil 90.1        904         90.3         90.0         91. a         90.9 

960         '*     ** 82.1        81.7         82.2         82.6         S2.6         82.5 

833         ••     •• 86.5       86.5         86.5         86.5         86.7         87.2 

772      Ptanat 96.0        97.4         97.7         98.8         99.0         99.0 

777     Mustard 125.0      126.0        126.0        126.5        i^*5        12^*0 

771  "        119.4        120.0         ....        118.0        118.2 

776  "        105.0        105.0         ••..         104.3        i<M-6 

775     Rape 107.4        107.5         ....        IQ5.8        105.7 

770     Com 116.8        117.6        117.1        116.1        118.5 

774     Poppy 136.8      137.4        138.4        138.8        138.9       "39.1 

1,162      Ltnaeed 186.3        186.2        183.$        190.2        188.7 

For  butter,  lard,  oleomargarine,  and  olive  oil,  the  reaction  is  prac- 
tically complete  in  fifteen  minutes.  With  cottonseed,  sesame,  and 
mustard,  thirty  minutes  are  necessary,  while  with  poppy  and  linseed 
one  hour  gives  the  best  results,  lliere  seems  to  be  practically  no 
difference  between  the  two  solutions  in  respect  to  speed  of  action. 
Tables  IV  and  V  give  the  results  obtained  by  ourselves  on  a 
number  of  oils  by  all  three  methods.  Table  VI  is  a  compilation 
of  the  data  available  on  the  three  methods. 

Tablb  IV.--I0DIKB  Numbers  of  Oils  and  Pats. 

I>ifference  DUferencc 

Hllbrs        Wijs*i        Htnttt*s       between  between 

nvmber,     number,      number,      Wljsand  Hanusftnd 

UbNa            Oils.                   ahrs.          90  min.         30  min.         Hlib!.  Hflbl. 

Non-drying. 

Cocoannt 8.93  9.05  8.60  +0.12  —  0.33 

Konnt 6.09  6.43  6.40  +  0.34  +  0.31* 

1,170  Batter 35.3  36.2  35.3  -f  0.90  -f  0.00 

1,168  Butter 34.8  35.9  35.4  -f  i.io  4-0.60 

Oleooil 42.6  43.5  43.3  +0.90  -h  0.70 

I  Oleomargmrine  53.6  53.5  52.3  —  0.10  -    1.30 

4  •'  52.8  53.7  52.2  -f  0.90  —  0.60 

5  •*  52.5  52.9  52.0  -I-  0.40  —  0.50* 
9             "  66.3  66.0  64.8  —  0.30  —  1.50 

33,606  Lard  oil 69.3  70.5  69.8  +  1.20  4- 0.50 

487     "     •*..•....  73.7  74.5  73.9  +0.70  -h  0.20» 

I|i8i  Magnolia  oil  •  •  81.7  79.4  78.9  —2.30  —2.80 

I1I82         ••          "  ..  76.1  75.6  74.0  —  0.50  —  2.10 

77a  Peanut       •*  ..  96.3  99.0  97.4  4-  3.00  -f  i.io 

»ii49      *•            '*  ••  94.5  95.2  94.1  4-070  —0.10 

49«      "            "  ••  107.7  109.5  107.7  4-  1.80  +  oxw^ 

1  Commercial  oito. 

*  Adulterated  with  cottonaecd. 
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I«ab.  No.             OiU. 

Httbl's 

number, 

3hn.- 

Wijs's 

number, 

30  min. 

Hanus's 
number, 
90  min. 

iMfferenoe 

between 

Wijsand 

HllbL 

Difference 

between 

Hannsand 

HftbL 

770  Mustard  oil 

.•      110.4 

118.5 

"55 

+  8.10 

+  5- 10 

771        " 

..      113.0 

118.2 

116.8 

+  5.20 

+  5.80 

776        - 

..       98.4 

104.3 

103.8 

+  5.90 

+  5.40 

486        •• 

••      103.5 

112.5 

110.2 

+  9.00 

+  6.70^ 

495        " 

..      106.4 

II7.3 

114.8 

+10.90 

+  8.40« 

775  Rape  oil  ... 

...      IOI.3 

105.7 

105.2 

+  4.40 

+  3.80 

490      -      *•    ... 

...      100.2 

104. 1 

102.8 

-f  3.90 

+  2.6o> 

Semi-drying  and  drying. 

Sunflower . . 

. . .      106.4 

109.2 

107.2 

-f  2.80 

+  0.80 

1,159  Cottonseed  oil .     103.8 

X05.3 

105.2 

-h   1.50 

+  1.40 

1.160 

"  .      106.2 

107.3 

X07.8 

+   1. 10 

+  1.60 

1.161 

•*  .      104.8 

106.2 

106.7 

-h   1.40 

+  1.90 

489  Sesame  oil 

. . .      106.4 

107.0 

X06.5 

+  0.60 

+  o.io> 

444  Corn 

119.0 

123.2 

120.2 

+  4.20 

+    l.20» 

491      - 

1 19.0 

122.2 

119.6 

-f  300 

+  o.4o> 

777     •• 

...      123.3 

129.2 

126.0 

+  5.80 

+  2.70 

493  Poppy     " 

..•      133.4 

135.2 

'32.9 

-f   1.80 

—  0.50* 

774      " 

...      134.9 

139. 1 

138.4 

+  4.20 

+  5.50 

1,162  Linseed  " 

...      169.8 

186.5 

184.5 

+  16.70 

+  14.70' 

1.188 

179.5' 

188.7 

183.7 

+  9.20 

+  4.20 

It  will  be  seen  from  these  results  that  for  oils  and  fats  with  an 
iodine  number  under  100  there  is  little  difference  between  the  three 
methods.  For  practical  purposes  they  are  the  same.  But  this  is 
not  so  true  for  the  oils  with  higher  iodine  numbers.  With 
mustard  and  rape  oil  there  is  a  marked  difference,  84  numbers 
higher  with  Hanus's  and  10.9  numbers  higher  with  Wijs's  method. 
It  is  with  these  oils  and  linseed  oil  that  there  is  the  widest  vari- 
ation, but  there  can  be  little  doubt  that  the  higher  numbers  ob- 
tained by  the  Hanus  and  Wijs  methods  are  the  more  correct. 


Table  V.- 

-loDiNB  Numbers  of 

OuvE  Oils. 

b.  No. 

HuM's 

number, 

3hrs. 

Wijs's 
number, 
y>min. 

Hanus's 
number, 
30  min. 

Difference 

between 

Wijs  and 

Habl. 

Difference 

between 

Hanus  and 

Hfibl. 

795 

89.7 

90.9 

90.4 

+  1.2 

+0.7 

796 

89.7 

90.6 

90.0 

+0.9 

+0.3 

797 

89.8 

91.4 

90.0 

+  1.6 

+0.2 

798 

89.7 

91. 1 

90.4 

+1.4 

+0.7 

960 

80.9 

82.5 

81.7 

+  1.6 

+0.8 

833 

84.8 

86.7 

86.5 

+1.9 

+  1.7 

^  Commercial  oils. 

*  Pour  hours  for  Hiibl  determination. 
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Lah.No. 

Hiibr« 

nnmber. 

number, 
aomln. 

Hanvs** 
number, 
aomln. 

DWerence 
between 
WU«  and 

Hau. 

DUferenee 

between 

Hnnuaand 

BttbL 

831 

85.2 

86.7 

85.9 

+1-5 

+0.7 

832 

84.9 

86.5 

85.9 

+1.6 

+1.0 

834 

84.5 

86.1 

85.1 

+1.6 

+0.6 

936 

81.8 

83.8 

83.8 

+1.0 

+1.0 

9351 

80.6 

81.6 

81.1 

+1.0 

+0.5 

835 

82.7 

83.1 

83.6 

+0.4 

—0.1 

962 

81.2 

81.5 

80.9 

+0.3 

-0.3 

955 

82.6 

83.6 

83.1 

+1.0 

+0.5 

952 

81.3 

83.3 

81.8 

+0.9 

+0.5 

-    840 

86.3 

87.8 

86.7 

+1.5 

+0.4 

935 

80.5 

80.9 

81.6 

+0.4 

+1.1 

953 

79.2 

79-9 

80.6 

+0.7 

+1.4 

958 

81.8 

83.1 

81.8 

+1-3 

0.0 

959 

81.4 

83.4 

81.9 

+3.0 

+0.5 

954 

86.1 

87.7 

80.3 

+1.6 

+0.3 

934 

81.1 

83.4 

83.3 

+«.3 

+  1.1 

956 

84.5 

85.9 

85.6 

+1.4 

+1.1 

932 

80.5 

83.0 

81.4 

+1.5 

+0.9 

961 

80.8 

83.3 

81. 1 

+  1.5 

+0.3 

836 

86.0 

87.7 

86.6 

+1-7 

+0.6 

931 

80.7 

83.3 

81.5 

+  1.5 

+0.8 

838 

86.1 

87.9 

87.1 

+1.8 

+1.0 

839 

89.0 

91-3 

89.9 

+3.3 

+0.9 

837 

84.0 

... 

84.9 

... 

+0.9 

^Z 

83*3 

84.1 

83.6 

+0.8 

-0.7 

841 

86.9 

88.0 

87.3 

+  1.1 

+0.4 

842 

87.2 

88.1 

87.1 

+0.9 

+0.1 

843 

85.1 

86.6 

85.6 

+1.5 

+0.5 

844 

84.a 

85.0 

84.3 

+0.8 

0.0 

1,091 

81.9 

83.4 

83.0 

+1.5 

+I.IO 

Average,  36  samples,    4-<>3  +0.59 

The  iodine  numbers  of  the  thirty-six  samples  of  olive  oils  of 
known  purity  obtained  by  the  three  methods  are  given  in  this 
table.  The  maximum  difference  between  Wijs  and  Hiibl  is  2,  the 
Wijs  method  always  giving  higher  results.  On  the  thirty-six 
samples  the  Wijs  method  gave  an  average  of  1.2  numbers  higher. 

The  Hanus  method  gave  a  maximum  of  1.4  numbers  higher 
than  Hiibl,  with  an  average  of  0.59  number  higher.  This  gives 
the  Hanus  solution  a  very  slight  advantage  over  the  Wijs  and  this 
difference  seems  to  hold  good  on  all  the  oils — the  Hanus  being 
slightly  nearer  the  Hiibl  than  is  the  Wijs. 
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Tabls  VI.— Iodine  Numbers  by  Dipfsrbnt  Methods. 


Variety  of  oil. 

Hflbl'* 
number. 

Wijs'fl 
number. 

Hanus's 
number. 

Differeaoe 

between 

HObt  Md 

Wljt. 

Difference 

between 

HBblmnd 

Hanns. 

Amlynt 

Cocoanut  •  • 

9.03 

.... 

9.03 



0.0 

HanuB. 

Butter  .... 

30.7 

.... 

30.6 

.... 

—0.1 

«• 

Lard 

56.4 



56-9 

.... 

+0.5 

cc 

Peanut.... 

88.3 

.... 

884 

.... 

4-0.1 

•  t 

<( 

87.2 

87.2 

. .-. 

0.0 

.... 

Wijs. 

•  € 

91.8 

93-4 

91.6 

Hrl.6 

—0.2 

Hunt.* 

Rape 

99.3 

98.8 

.... 

-0.5 

Manas. 

»t    ^ 

102.9 

*03-3 

.... 

+0.4 



Wija,» 

t<    ^ 

103.0 

102. 1 

101.9 

-0.9 

—  I.I 

Hunt.* 

Sunflower . 

II7.8 

119.0 

.... 

-fl.2 

.... 

Wijs.« 

Sesame  ... 

no.3 

III. 7 

.... 

-M.7 

.... 

ct 

li 

107. 1 

.... 

107.5 

.... 

+0.4 

Hanns. 

Com 

124.8 

12S.4 

.  1 . . 

+3.6 

.... 

Wiia.» 

Poppy  .... 

122.4 

.... 

122.6 

.... 

-fo.2 

Hanus. 

»« 

134.6 

1352 

.... 

4-0.6 

i» 

II 

1 19.6 

1 19.6 

.... 

0.0 

.... 

Wijs.' 

Linseed . . . 

174.8 

177-3 

174.5 

+  2.5 

-0.3 

Hunt.* 

II 

180.9 

182. 1 

.... 

+  1.2 

Wijs.' 

II 

170.2 



I7I.O 



H-0.8 

Hanaa^ 

These  figures  show  practically  the  same  results  as  the  previous 
tables  although  not  quite  so  wide  a  variation,  which  may  be  some- 
what accounted  for  by  the  fact  that  four  hours  were  used  in  the 
Hiibl  determinations,  which  gives  a  little  higher  figure  than  the 
three  hours  on  the  higher-absorbing  oils.  These  results  show  very 
little  choice  between  the  two  proposed  substitutes  for  the  Hiibl 
method.  The  Hanus  gives  results  a  little  closer  to  the  Hiibl 
figures  but  the  difference  is  of  practically  no  consequence.  Its 
chief  advantage  over  the  Wijs  is  in  the  ease  of  preparation. 
Iodine  trichloride  is  a  rather  rare  reagent  and  the  preparation  of 
the  iodine  chloride  by  passing  chlorine  gas  into  the  acetic  acid  solu- 
tion of  iodine  until  the  halogen  content  is  doubled  is  a  somewhat 
tedious  operation  compared  with  the  addition  of  bromine.  On 
this  account  we  favor  the  Hanus  solution. 

With  this  change  of  method,  a  new  set  of  figures  will  have  to  be 
obtained  for  the  semidrying  and  drying  oils,  and  such  oils  as 
mustard  and  rape  with  high  iodine  absorption.  For  the  butters, 
lard  and  olive  oil  the  Hanus  method  compares  satisfactorily  with 
the  Hiibl.    The  stability  of  the  solution  does  not  lessen  the  need 

1  Seven  minutes  used  in  determination. 
*  One  hour  used  in  determination. 
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of  blanks  for  each  set  of  determinations.  The  hig^  coefficient  of 
expansion  of  glacial  acetic  acid,  0.001 15  for  i^  C,  makes  an  appre- 
ciable error  if  a  slight  change  of  temperature  takes  place,  as  will 
be  seen  from  the  following  table. 


Tabtk  VII. 

TempefBture. 

^. 

in  N/io  thkMttlphate. 

16.0 

92.05 

17.5 

91.85 

18.5 

91.80 

21.5 

91.35 

24.5 

91.10 

27.0 

90.80 

I*I*» 

1.35  cc. 

change 

decrease. 

A  change  of  d:  i  °  C.  gives  a  change  of  7  o.  1 1  cc.  in  the  amount 
of  N/io  thiosulphate  necessary  to  neutralize  40  cc.  of  the  iodine 
solution,  so  that  a  blank  titration  of  the  iodine  solution  could 
easily  vary  i  cc.  N/io  thiosulphate  in  a  day,  which  would  com- 
pletely vitiate  the  results. 


DOES  CHOLESTEROL  OCCUR  IN  HAIZE  OIL? 

By  AV0USTC8  H.  Gill  and  Cha«ilbs  G.  Tufts. 

'  Recdveri  December  31,  tyoa. 

According  to  Hoppe-Seyler^  and  to  Hopkins,*  cholesterol 
occurs  in  maize  oil.  As  there  is  evidence  of  the  occurrence  of  this 
substance  in  no  other  vegetable  oil,  except  olive  oil,  this  is  interest- 
ing, and  of  possible  importance  as  a  means  of  detecting  maize  oil 
in  mixtures  with  other  oils.  The  statement  of  Hoppe-Seyler  was 
made  before  this  group  of  bodies  was  clearly  differentiated,  how- 
ever, and  the  melting-point  ascribed  by  Hopkins  to  the  alcohol 
found  by  him  in  maize  oil  is  not  the  true  melting-point  of  chol- 
esterol. The  difference  in  the  melting-points  is  shown  below. 
Cholesterol,  Me^'-uj'*  ;•  "cholesterol"  frommaizeoil,i37**-i37.s*.* 
Hopkins  used  no  other  means  of  identification  except  the  color 

^  Butt,  Soe.  Chim  La],  6,  343  (1866};  Medidn,-chem.  UnUrsuch,^  1,  i6a. 

>  This  JooniAl,  M»  948  (1098). 

*  WitlkeniM and  Moldenbauer :  Ann.  Oum.  <I«icblg),  146* .179  (m.  p.  147®);  Reinitaer: 
Mmatik,  Oum,,  9, 433  (m  p.  X47-S^) ;  Hcue :  Ann.  Ckem,  (Uetrif ),  19a,  277  (1878)  (m.  p. 
14^^-146^;  telkowski :  ZiMckr.  anal.  OUm„  96, 367  (m-  P- 146®);  BSmcr:  Zitekr.  Untersnck. 
Nokr.  u,  Gentu.  (1898),  p.  81  (average  m.  p.  of  fifty-two  Mmples,  146.4^-147.3?). 
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reactions,  which  are  not  reliable.    These  considerations  seemed  to 
offer  a  field  for  investigation. 

The  method  employed  for  isolating  the  compound  was  substan- 
tially that  of  Forster  and  Riechelman/  which  consists  in  the  ex- 
traction of  the  oil  with  95  per  cent,  alcohol  and  separation  of  the 
substance  sought  from  the  saponified  alcoholic  solution.  Four 
hundred  grams  of  oil  were  extracted  with  300  cc.  of  alcohd  in 
successive  portions  of  100  cc.  each,  the  oil  being  boiled  half  an 
hour  with  each  portion  in  a  liter  flask  provided  with  a  reflux  con- 
denser. After  cooling,  each  portion  of  alcohol  was  drawn  off  by 
a  separatory  funnel  and  the  combined  extracts  were  saponified  by 
boiling  two  hours  with  40  cc.  of  alcoholic  soda  i  :3.  The  greater 
part  of  the  alcohol  was  then  distilled  and  the  residue,  transferred 
to  an  evaporating  dish,  was  carried  to  dryness  on  a  water-bath. 
The  dried  and  powdered  soap  was  extracted  with  three  portions 
of  ether  of  200  cc.  each  by  shaking  in  a  wide-mouthed  stoppered 
bottle ;  after  settling,  the  ether  was  decanted  through  a  filter.  The 
filtered  extract  was  distilled  and  the  residue  purified  by  repeated 
recrystallization  from  alcohol. 

In  applying  this  method  to  different  portions  of  oil,  it  was  found 
that  while  extraction  of  the  dry  soap  was  tedious  and  attended  by 
loss  of  ether  and,  furthermore,  gave  a  product  which  was  quite 
impure,  the  extraction  of  the  aqueous  solution  of  the  soap  was 
more  rapid,  more  nearly  complete  and  yielded  at  once  a  crystalline 
residue  of  a  fair  degree  of  purity.  For  a  quantity  of  oil  weighii^^ 
600  grams,  good  results  were  obtained  by  dissolving  the  soap  in 
250  cc.  of  water  and  extracting  the  solution  with  ether  in  100  cc. 
portions;  after  four  or  five  extractions  the  solution  was  found 
practically  exhausted.  It  was  found  advantageous  to  distil  from 
the  alcoholic  extract  of  the  oil  a  considerable  portion  of  the  alcohol 
before  saponification  and  to  use  alcoholic  potash  rather  than  soda. 
In  this  way  pure  characteristic  crystals  can  be  obtained  without 
difficulty  from  50  grams  of  oil. 

In  working  with  large  quantities  of  oil,  from  500  to  1800  grams, 
the  extraction  with  alcohol  was  successfully  carried  out  in  an 
ordinary  tin  (gallon)  can  heated  on  a  water-bath.  A  half-inch 
brass  tube  was  soldered  into  the  cover  and  connected  by  a  short 
piece  of  stiff  rubber  tubing  with  a  reflux  condenser;  the  rubber 

>  Ztsekr.  fkrbffent.  Chem.y  3,  10. 
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tube  was  used  to  permit  thorough  shaking  of  the  can  during 
extraction.  The  cover  was  sealed  by  winding  about  it  before  in- 
sertion a  string  smeared  with  a  dextrin  paste. 

Altogether  about  4  kilos  of  maize  oil  were  examined  according 
to  the  method  outlined  above;  based  on  the  extraction  of  one 
portion  of  600  grams,  the  yield  of  fully  purified  crystals  was  0.22 
per  cent.  These  melted,  when  dried  at  lOO**,  at  I38*'-I38.3*' ; 
when  dried  in  vacuo,  at  137.5**- 138®  J  2i"d  after  i8  months,  at 
I28*-I30**.  To  the  naked  eye  the  crystals  from  alcohol,  appeared 
to  be  broad  needles ;  under  the  microscope  they  were  found  made 
up  of  thin  laminae  much  longer  than  broad  and  pointed  at  the 
ends. 

From  Raoult's  method  of  molecular  weight  determination,  re- 
sults were  obtained  increasing  with  the  concentration,  showing 
association  in  benzene,  the  solvent  used. 

The  acetate  was  made  by  boiling  for  one  hour  with  an  excess  of 
acetic  anhydride.  The  product  was  washed  with  water  and  then 
with  hot  alcohol.  From  the  ethereal  solution  crystals  were  pre- 
cipitated by  alcohol,  which,  purified  by  recrystallization  and  dried 
at  100**,  melted  sharply  at  127.1**;  they  seemed  less  soluble  in 
alcohol  than  the  corresponding  substance  obtained  from  olive  oil. 

The  propionate  was  made  like  the  acetate  and  was  purified 
similarly.  When  dried  at  100®,  the  crystals  melted  at  108.4''  l  they 
were  more  soluble  in  alcohol  than  were  those  of  the  acetate. 

The  benzoate  was  made  by  fusion  with  an  excess  of  benzoic 
anhydride,  the  mixture  being  heated  in  an  open  tube  to  initial 
boiling.  The  product  was  boiled  some  minutes  with  alcohol  and 
was  then  thrown  on  a  filter  and  washed  with  boiling  alcohol  and 
with  small  portions  of  warm  ether.  The  yield  was  small  but  there 
was  no  attendant  discoloration  and  the  crystals  seemed  pure.  On 
crystallization  from  ether  they  formed  oblong  rectangular  plates, 
often  with  re-entrant  angles.    The  melting-point  was  I42*'-I42.5*'. 

The  color  reactions  were  as  follows.  In  dilute  chloroform 
solution,  sulphuric  acid  produced  a  rather  bluish  pink,  while  the 
acid  layer  was  yellow.  In  concentrated  solution,  the  acid  layer 
was  yellow  and  the  chloroform  a  blood-red  which  became  purple 
on  standing.  In  dilute  acetic  anhydride  solution,  sulphuric  acid 
produced  a  clear  green  which,  on  standing,  changed  to  a  pure 
yellow.    In  concentrated  solution  the  color  was  a  deep  bluish 
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green,  permanent  for  twenty-four  hours.  Though  these  reactions 
and  those  of  the  high-melting  alcohols  of  wool  grease  are  too  much 
alike  to  be  of  value  in  analysis,  the  following  differences  were 
observed.  On  standing,  the  chloroform  layer  of  Salkowski*s  test 
is  blood-red  with  a  concentrated  solution  of  wool  grease  alcohol, 
and  purple  with  the  alcohol  from  maize  oil.  With  Lieberman's 
test,  in  dilute  solution,  wool  grease  alcohol  gives  a  bluish  green 
which  becomes  reddish  yellow  on  standing,  while  maize  oil  gives 
a  clear  green  changing,  on  standing,  to  a  yellow  free  from  red. 

The  above  results  seem  sufficient  to  prove  that  the  alcohol  of 
maize  oil  is  not  cholesterol.  As  shown  by  the  following  compara- 
tive table,  the  compound  studied  is  undoubtedly  identical  with  die 
compound  found  in  wheat  and  rye  and  described  by  Burian  under 
the  name  "Sitosterol."*  It  is  also  probably  identical  with  the 
"Hydrocarotin"  of  Reinitzer.* 

Mblting-Points  of  Sitostbrol  and  its  Esters. 

Sitosterol.  Prom  whcftt  Prom  maise  oil.  Hydrooarotia. 

Sitosterol 137-5**  138*  I37-4* 

•*        aceUte 124. 5**- 127®'  127.1**  127.6* 

"        btnizoate...   i4So**-M5.5**         i42.o®-i42.5**        144* 
••        propionate-         108.5®  108.4®  .... 
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While  the  presence  of  cottonseed  oil  in  other  oils  is  easily  de- 
tected, the  recognition  of  adulteration  of  cottonseed  oil  itself  is 
less  simple.  The  addition  of  many  oils  would  be  shown  by  their 
effect  on  the  usual  analytical  constants,  but  with  maize  oil  these 
values  show  so  little  divergence  from  those  of  pure  cottonseed  oil 
that  detection  of  admixture  is  difficult.  Since,  however,  maize  oil 
contains  sitosterol^  while  cottonseed  oil  contains  phytosterol,  it 
seemed  that  a  test  might  be  based  upon  this  difference. 

In  the  preceding  article  it  was  observed  that  the  acetate  of 
sitosterol  from  maize  oil  seemed  rather  less  soluble  in  alcdiol  than 

>  MotuUsh,  Ckem.^  18,  55>-574  (<897)' 

*  Ibid..,  7,  S97'^o8. 

•  Softened  st  ia4.5^  and  melted  st  137^. 
«  See  the  preceding  article. 
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the  acetate  prepared  from  olive  oil.  It  was  thought  that  if  a 
relatively  small  amount  of  maize  oil  were  to  be  mixed  with  an  oil 
known  to  contain  phytosterol,  it  would  be  possible  to  secure  by  re- 
crystallization  of  the  acetates  a  portion  whose  melting-point  would 
approach  that  of  sitosterol  acetate.  The  following  trials  were 
therefore  made. 

A  pure  cottonseed  oil,  a  cottonseed  oil  containing  lo  per  cent,  of 
maizeoil,andonecontaining20percent.of  maize  oil  ^ere  extracted, 
using  50  gram  portions,  by  boiling  twenty,  minutes  at  a  reflux 
condenser  with  100  cc.  of  95  per  cent,  alcohol.  The  mixtures 
were  then  run  into  separatories  and  left  over  night.  The  clear 
alcoholic  layer  was  drawn  off,  boiled  fifteen  minutes  with  75  cc.  of 
half  normal  alcoholic  potash,  evaporated  to  dryness  and  the  residue 
dissolved  in  40-50  cc.  of  water.  The  cooled  soap  solution  was 
shaken  out  with  75  cc.  of  ether  and  3  cc.  of  alcohol,  and  the  extract 
was  washed  three  times  with  water  and  evaporated.  The  yield  by 
this  process,  which  was  not  expected  to  give  complete  extraction, 
was  as  follows :  Pure  cottonseed  oil,  0.095  per  cent. ;  10  per  cent, 
maize  oil,  0.12  per  cent. ;  20  per  cent,  maize  oil,  0.164  per  cent. 

The  crystals  obtained  were  acetylated  without  further  purifica- 
tion by  boiling  one  hour  with  an  excess  of  acetic  anhydride  in  a 
beaker  covered  with  a  watch-glass  containing  a  little  water.  The 
excess  of  anhydride  was  evaporated  on  the  water-bath  and  the 
acetates  recrystallized  from  alcohol.  In  recrystallizing,  the 
acetates  were  dissolved  in  hot  95  per  cent,  alcohol  and  water  was 
then  added  drop  by  drop  as  long  as  the  solution  remained  clear 
after  shaking;  as  soon  as  there  were  indications  of  permanent 
opalescence  a  few  drops  of  alcohol  were  added  until  the  solution 
was  perfectly  clear.  The  beaker  was  then  set  aside  and  the 
crystals  subsequently  formed  were  filtered  off,  dried  at  lOO**  C. 
and  the  melting-point  determined.  Proceeding  in  this  way  the 
melting-points  shown  on  the  sixth,  and  subsequent,  crystallization 
were:  Pure  cottonseed,  I20**-I2i'';  10  per  cent,  maize,  121.5**- 
122.5^  ;  20  per  cent,  maize,  I24*'-I25°.  By  dissolving  the  acetates 
in  hot  95  per  cent,  alcohol  just  sufficient  for  solution  and  then 
chilling,  there  was  obtained  from  the  20  per  cent,  oil  after  four 
crystallizations  a  portion  which  showed  the  melting-point  126®- 
127** ;  the  melting-point  of  the  acetate  from  the  10  per  cent,  oil 
was  unchanged. 


256  SITOSTEROL,  A  POSSIBLE  TEST  FOR  MAIZE  OIL. 

The  crystals  deposited  on  slow  cooling  from  95  per  cent,  alcohol 
were,  in  the  case  of  pure  cottonseed,  transparent  flat  needles ;  the 
20  per  cent,  maize  oil  gave  crystals  which  beside  these  needles, 
showed  an  opaque,  white,  and  more  granular  form ;  the  crystak 
from  the  10  per  cent,  oil  resembled  those  from  the  pure  cottonseed 
oil. 

Portions  of  the  crystals  obtained  from  the  dilute  alcohol,  as 
described  above,  were  allowed  to  crystallize  from  a  little  95  per 
cent,  alcohol  on  glass  slides  and  examined  microscopically.  All 
three  acetates  showed  massed  crystals  in  branching  coral  forms 
and  also  long  narrow  plates  resembling  the  crystals  of  ph)rtosterol 
and  of  sitosterol.  There  seemed  to  be  less  difference  in  the  cr>'stal 
forms  as  thus  examined  than  appeared  to  the  naked  eye  in  the 
manner  of  growth  of  the  crystals  when  slowly  deposited. 

It  would  seem  that  the  above  test  will  detect  the  addition  of  10 
per  cent,  of  an  oil  containing  sitosterol  to  an  oil  carrying  phyto- 
sterol.  While  maize  oil  is  the  only  commercial  oil  in  which  sito- 
sterol has  so  far  been  definitely  reported,  flomer  and  Winter^  have 
obtained  acetates  melting  at  128°  and  above  from  linseed,  rapcsecd 
and  sesame  oils;  it  seems  probable  that  sitosterol  is  present  in 
more  oils  than  has  hitherto  been  supposed  and  consequently  that 
the  test  can  only  be  regarded  as  conclusive  evidence  of  the  presence 
of  maize  oil  when  the  analytical  constants  show  the  absence  of 
other  adulterants. 

As  the  melting-point  varies  with  the  method  employed,  it  will 
be  advisable  for  the  operator  to  determine  the  melting-point  of 
phytosterol  acetate  according  to  the  method  he  himself  uses.  The 
above  values  were  determined  in  straight  narrow  tubes  attached 
to  the  bulb  of  an  Alverginat  thermometer  and  suspended  in  a  test- 
tube  of  sulphuric  acid.  This  was  in  turn  suspended  in  a  100  cc. 
flask  about  two-thirds  full  of  acid.  The  flask  was  supported 
about  an  inch  above  an  iron  plate  heated  by  a  small  Bunsen  flame. 
The  melting-point  was  approached  fairly  rapidly  and  when  within 
2**  or  3°,  the  rate  of  heating  was  reduced  to  about  0.2®  per  minute. 
The  value  obtained  by  Bomer  and  Winter  for  the  ph)rtosterol 
acetate  from  cottonseed  oil  is  123*^-124°,  but  it  may  be  stated  that 
the  values  obtained  by  Bomer  for  the  melting-point  of  phytosterol 
are  rather  higher  than  those  usually  reported, 

»  Ztschr.  Unter.  Sahr.  w.  Genus.,  (1898),  p.  81. 
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Attempts  have  been  made  several  times  to  establish  a  relation 
between  the  specific  gravity  of  normal  urine  and  the  weight  of 
solids  dissolved  in  the  secretion.  Such  efforts  are  naturally  based 
on  the  assumption  that  while  the  solids  must  vary,  the  variations 
remain  within  rather  narrow  limits  and  the  two  most  important 
constituents  must  change  in  the  same  direction.  These  two  im- 
portant substances  are  urea  and  sodium  chloride,  and  the  specific 
gravity  observed  depends  largely  on  the  weight  of  these  bodies 
present. 

From  early  experiments  of  Trapp,  Haeser  and  others,  repeated 
later  by  Neubauei^,*  the  relation  appeared  in  general  to  be  definite 
enough  to  warrant  the  use  of  the  so-called  coefficient  of  Haeser  in 
making  an  approximate  estimation  of  the  urine  solids  from  an 
exact  determination  of  the  specific  gravity.  The  direct  estimation 
of  solids  by  evaporation  is  apparently  easy,  but  unfortunately  is 
liable  to  an  error  due  to  the  partial  decomposition  of  urea  into 
ammonium  cyanate  and  that  into  ammonia  and  carbonic  acid.  In 
addition  to  this,  there  is  a  loss  on  account  of  the  slightly  stable 
ammonium  salts  present,  which  fact  is  generally  overlooked, 
although  its  importance  is  as  great  as.  that  of  the  loss  from  the 
urea,  in  some  cases.  Unless  a  correction  is  made  for  these  losses, 
the  error  in  the  final  result  is  rather  large,  in  fact  usually  larger 
than  is  the  diflference  between  the  true  result  and  that  obtained  by 
applying  the  coefficient  of  Haeser. 

As  this  is  a  point  of  no  little  importance,  I  have  recently  under- 
taken a  new  determination  of  the  urinary  solids  along  with  the 
corresponding  specific  gravities,  both  determinations  being  made 
as  accurately  as  possible.  The  solid  residue  was  found  by  the 
niethod  originally  suggested  by  Neubauer.  About  5  grams  of 
urine  are  evaporated  in  a  porcelain  boat  which  is  placed  in  a  hori- 
zontal glass  tube  passing  through  a  steam-bath.  The  glass  tube 
is  connected  with  a  small  flask  containing  standard  sulphuric  acid 
in  such  a  manner  that  a  current  of  dried  air  may  be  aspirated 
through  the  whole  apparatus  and  carry  evolved  products  into  the 

1  Ztsehr.  anal.  Chem.,  i»  i66. 
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Standard  acid.  A  subsequent  titration  with  standard  alkali  and 
methyl  orange  shows  how  much  acid  has  been  neutralized  by  am- 
monia from  the  evaporated  urine.  Three  to  four  hours  are  given 
to  each  evaporation,  after  which  the  residue  in  the  boat  is  allowed 
to  stand  about  two  hours  over  sulphuric  acid  before  weighing. 
Neubauer  suggested  to  calculate  the  ammonia  absorbed  by  the 
dilute  standard  acid  to  urea  and  add  this  to  the  weight  of  the 
residue.  This  has  been  done  in  the  urine  evaporations  given 
below,  although  the  method  is  not  strictly  correct,  as  will  be 
pointed  out. 

The  specific  gravities  were  found  by  means  of  a  small  pycnom- 
eter  and  at  a  temperature  maintained  at  25^,  with  a  variation 
within  o.i^.  For  possible  practical  applications,  25*^  is  a  much 
more  suitable  temperature  than  is  15**  or  even  20**.  The  results 
are  referred  to  water  at* 4°  as  unity  and  are  all  given  below. 

Some  preliminary  experiments  were  made  to  determine  the  loss 
in  evaporating  solutions  containing  pure  urea  and  certain  salts  in 
proportions  corresponding  to  those  obtaining  for  urine.  In  the 
first  of  these  I  took,  with  water  enough  to  make  about  4  cc. : 

(a).  (*). 

NaCl 0.0930  0.0708 

K^SO^ :     0.0077  O.O0S9 

C0N,H4 0.1467  0.1117 

0.2474  0.18S4 

Residue  recovered 0.2430  0.1851 

Urea  from  ammonia 0.0052  0.0037 

0.2482  0.1888 

In  the  first  case,  the  loss  of  5.2mg.of  urea  calculated  from  theammo- 
nia  is  3.5  per  cent,  of  the  urea  present  or  2.1  per  cent,  of  the  solids. 
In  the  second  case,  3.7  mg.  amounts  to  3.3  per  cent,  of  the  whole 
urea,  or  2  per  cent,  of  the  total  solids..  Very  similar  results  were 
found  in  other  tests  and  need  not  be  given  in  detail.  In  the  fol- 
lowing experiments  the  effect  of  a  phosphate  was  determined. 
With  water  enough  to  make  about  3.5  cc.  in  each  case,  I  took : 

(c).  id). 

NaCl 0.IT26  0.0881 

KjSOa 0.0080  0.0101 

HNa,P04 0.0120  0.0120 

C0N,H4 0.1526  0.1927 

0.2852  0.3029 
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The  evaporation  was  continued  three  and  a  half  hours,  and  the 
ammonia  was  caught  as  before. 

Recovered  directly 0.2830  0.2991 

Loss o.(x>22  0.0038 

The  ammonia  evolved  was  found  in  (c)  to  be  equal  to  0.5  cc.  of 
N/4  acid  and  in  (d)  to  0.6  cc.  of  N/4  acid.  Calculating  this  as 
urea  would  more  than  account  for  the  loss.  In  this  case,  how- 
ever, a  part  of  the  carbonic  acid  from  the  urea  decomposition  is 
held  by  the  alkali  phosphate.  In  (c)  the  total  loss  was  14.4  mg. 
per  gram  of  urea,  or  1.44  per  cent,  of  the  total  urea.  In  (d)  the 
loss  was  19.2  mg.  per  gram  of  urea  or  1.92  per  cent,  of  the  urea 
present.  These  losses  are  about 'one-half  as  great  as  they  were  in 
the  absence  of  the  alkali  phosphate. 

Since  the  urine  is  commonly  slightly  acid  and  probably  from  the 
presence  of  the  dihydrogen  phosphate,  two  further  evaporations 
were  made  with  known  amounts  of  this  salt  present.  It  was  pro- 
duced by  addition  of  N/io  sulphuric  acid  to  a  solution  of  the 
disodium  salt.  The  weights  taken,  with  water  enough  to  make  up 
4.5  cc,  were: 

(eh  (/). 

NaCl 0.1046  0.1053 

KySOf 0.0099  o.oioo 

Na^04 0.0060  0.0060 

H,NaP04 0.0100  0.0100 

CON,H4 0.1893  0.1900 

0.3198  0.3213 

Recovered  directly 0.3171  0.3174 

Loss 0.0028  0.0039 

The  ammonia  evolved  calculated  as 

mea  gives •  • .     0.0023  0.0037 

In  such  cases,  therefore,  it  seems  perfectly  proper  to  add  urea  to 
correct  the  evaporation  loss,  and  the  presence  of  the  salts  does  not 
appear  to  increase  this  appreciably.  The  decomposition  with 
alkaline  phosphate  present  is  probably  the  same,  but  the  ammonia 
only  is  fully  liberated. 

Below  are  given  the  results  of  fifty-two  determinations  on  the 
urine  of  six  persons.  The  samples  taken  for  the  tests  did  not 
represent  the  excretion  of  the  whole  day  but  were  chosen  to  repre- 
sent extreme  cases,  as  far  as  possible,  as  the  main  object  of  the 
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investigation  was  to  determine  the  limits  of  variations.  From 
other  investigations,  the  average  amounts  of  urea  and  ammonia 
excreted  by  the  same  individuals,  under  the  same  general  condi- 
tions, had  been  determined.  The  urea  amounted  to  28  grams  per 
liter  and  the  ammonia  to  650  mg.  per  liter.  All  the  tests  were 
made  on  perfectly  fresh  urine,  from  individuals  in  normal  health, 
consuming  an  Average  meat,  vegetable  and  bread  diet. 


Solids 

No. 

Sp.gr.  »5** 

iafframs 
per  liter. 

urea,  grams 
per  fitcr. 

Muldplicatioa 
factor. 

I 

I.0199 

51.57 

2.36 

0.259 

2 

1.0207 

5119 

2.95 

0.247 

3 

1.0206 

52.33 

2.37 

0.254 

4 

1.0189 

44.28 

2.28 

0.234 

5 

1.0209 

53.70 

2.14 

0.257 

6 

1.0215 

53.10 

1.72 

0.247 

7 

1.0227 

6r.93 

2.89 

0.272 

8 

I.0217 

53.51 

2.46 

0.247 

9 

1.0224 

56.54 

2.13 

0.252 

10 

1.0180 

5384 

2.51 

0.299 

II 

1.0252 

66.05 

2.56 

0.262 

12 

1. 025 1 

63.54 

2.10 

0.253 

13 

1.0226 

57.19 

I.7I 

0.253 

14 

I.0231 

60.00 

1.95 

0.260 

15 

1.0236 

57.38 

1.76 

0.243 

16 

1.0236 

62.82 

2.35 

0.266 

17 

1.0248 

59.90 

2.74 

0.242 

18 

1.0279 

70.73 

1.75 

0.254 

19 

1.0230 

59.31 

1.70 

0.258 

20 

1.0279 

75.21 

1.96 

0.270 

21 

1.0223 

57.48 

2.09 

0.258 

22 

I.0177 

43.13 

1.60 

0.244 

23 

1. 0231 

63.06 

1.92 

0.273 

24 

1.0228 

58.37 

2.15 

0.256 

25 

1.0284 

75.55 

1.67 

0.266 

26 

1.0256 

73.26 

2.34 

0.288 

27 

1.0246 

59.75 

1.93 

0.243 

28 

I.0191 

44.98 

2.00 

0.235 

29 

1. 031 7 

79.29 

2.31 

0.250 

30 

i.oiiS 

30.02 

0.97 

0.254 

31 

1.0237 

63.45 

4.53 

0.268 

32 

1.0207 

51.06 

1-73 

0.247 

33 

1. 029 1 

70.90 

4.19 

0.244 

34 

1.0243 

62.41 

2.81 

0.257 

35 

I. 01 40 

37.81 

2.01 

0.270 

36 

1.0217 

56.56 

2.40 

0.261 

37 

1.0225 

59.29 

2.75 

0.264 
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No. 

Sp.gr.  f 

Solids 
iu  fframs 
per  liter. 

Loss  as 

urea,  grains 

per  filer. 

Multiplication 
factor. 

38 

1. 01 65 

45- 13 

2.49 

0.274 

39 

I.02I2 

60.01 

3.64 

0.283 

40 

I.OI55 

43.08 

2.91 

0.278 

41 

1.0247 

62.74 

1.62 

0.254 

42 

I.OII3 

33.47 

2.26 

0.296 

43 

I.OI61 

44.72 

2.03 

0.277 

44 

1. 0201 

53-46 

I.61 

0.266 

45 

I.O23I 

60.95 

2.38 

0.264 

46 

1.0225 

55.47 

0.98 

0.242 

47 

I. 022 I 

56.19 

1.83 

0.254 

48 

1.0120 

31.69 

1.56 

0.264 

49 

I.OI60 

41.84 

1.60 

0.261 

50 

I.O215 

53.98 

1.70 

0.251 

51 

1.0267 

68.91 

1. 17 

0.258 

52 

I.O160 

41.26 

2.12 

0.258 

Mean,     1.0215  55.83  2.19  0.260 

The  evaporation  losses  calculated  as  urea,  from  the  ammonia 
evolved,  are  seen  to  be  far  greater  with  the  urine  than  with  the 
artificial  mixtures.  With  an  average  of  28  grams  of  urea  in  the 
urine  the  mean  loss  is  evidently  about  8  per  cent,  of  this  content. 
While  as  a  matter  of  convenience  it  is  satisfactory  to  calculate  the 
loss  as  urea,  a  little  consideration  will  show  that  a  part  of  it  must 
come  from  other  sources.  In  the  evaporation,  part  of  the  ammonia 
present,  and  possibly  sometimes  all  of  it,  is  driven  off  and  this 
may  be  considered  as  combined  as  some  organic  salt  and  possibly 
partly  as  carbonate.  In  one  case  the  loss  would  be  less  and  in 
the  other  greater  than  that  found  by  calculation  as  urea.  The 
usual  method  of  calculation  probably  represents  the  average  loss, 
and  this  has  been  included  in  the  figures  representing  the  total 
solids  in  column  3. 

The  correspondence  between  high  specific  gravity  and  high 
solids  is  a  fairly  good  one  in  most  cases,  as  shown  by  the  factor  in 
the  last  column,  representing  the  so-called  Haeser  coefficient  for 
the  temperature  of  25**.  This  factor  is  obtained  by  dividing  the 
last  three  figures  of  the  specific  gravity  into  the  weight  of  solids 
found.  In  most  cases  the  variations  turt  not  great  from  the  mean 
value  of  0.260,  but  in  Nos.  4,  10,  26,  28,  and  42  the  divergence  is 
much  greater  than  given  by  Neubauer.  For  the  mixed  day's 
urine  the  results  would  be  much  closer  and  in  any  such  case  the 
factor  0.260  would  not  be  far  from  the  tnith.     This  factor  can  be 
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applied  only  when  the  specific  gravity  is  taken  at  25"*,  for  which 
temperature  many  urinometers  are  now  adjusted.  For  an  instru- 
ment graduated  to  give  the  specific  gravity  at  20**  referred  to  water 
at  4"^  the  factor  to.be  used  is  0.234.  This  was  found  by  making  a 
number  of  determinations  of  the  specific  gravity  at  the  two  tem- 
peratures and  calculating  the  average  coefficient  of  expansion. 
Neubauer's  average  factor  is  0.233,  based  on  urine  at  15**  referred 
to  water  at  0°.  For  the  same  temperature  limits  the  results  are 
practically  identical,  which  indicates  that  for  normal  mixed  urine 
the  coefficient  has  a  sharp  definite  value,  and  that  it  may  be  used 
as  a  control  in  certain  kinds  of  analyses.  Results  of  still  greater 
value  in  practice  may  doubtless  be  secured  through  the  exact  de- 
termination of  a  factor  for  the  solids,  exclusive  of  the  sodium  chlo- 
ride, that  is,  for  the  products  of  metabolic  origin.  A  series  of  de- 
terminations in  this  direction  is  now  in  progress. 

In  any  case  the  exact  determination  of  the  total  solids  by  evapo- 
ration does  not  appear' to  be  possible  because  of  the  uncertainty  as 
to  how  the  ammonia  loss  should  be  calculated. 

My  thanks  are  due  to  Mr.  C.  W.  Brown,  who  made  many  of 
the  determinations  given  above. 

NORTHWBSTBRK  UNIVERSITY, 

Chicago,  December,  1903. 
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DERIVATIVES  OF  IS05AFR0L  AND  ISOAPiOL* 

By  p.  J.  Pond  and  C.  R.  Sieofribd. 

Received  Jaimary  «.  1903. 

In  a  previous  paper,^  certain  compounds  were  described  vehidi 
were  found  to  result  by  the  action  of  hot  methyl  and  ethyl  alcohols 
upon  the  bromine  derivatives  of  anethol,  isosafrol,  ethyl  isoeu- 
genol  and  isoapiol ;  it  was  stated  that  these  compounds  are  fornied 
by  the  replacement  of  the  bromine  atom  in  the  side-chain,  which 
stands  in  the  a -position  to  the  benzene  ring,  by  the  methoxyl* 
and  ethoxyl-groups.  Thus,  for  example,  a  compound  having^  the 
formula, 

>  Pond,  Brb  and  Pord  :  Thin  Joumml,  94,  337. 
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C.H,Br— 0^^**« 

\:H  (OCH,)— CHBr— CH,* 
results  on  boiling  monobromisosafrol  dibromide, 

C,H,Br~0    ^"« 

\:HBr— CHBr— CH, ' 
with  methyl  alcohol.  This  compound  separates  from  methyl  alco- 
hol in  large,  pristnatic  crystals,  melting  at  75^  to  76.5^,  and  it  was 
^designated  as  the  methyl  alcohol  addition-product  of  dibromiso- 
safrol ;  it  may  perhaps  be  better  termed  ^r-methoxy  ->^-brom-dihy- 
dro-bromisosafrol.  The  analogous  ethyl  alcohol  product  was 
also  described.  It  was  likewise  shown  that  corresponding 
methyl  and  ethyl  alcohol  products  are  formed  in  a  similar  manner 
from  anethol  dibromide,  monobromanethol  dibromide,  isosafrol 
dibromide  and  ethyl  isoeugenol  dibromide.  The  alcohol  products 
resulting  from  anethol  and  monobromanethol  dibromides,  isosafrol 
and  ethyl  isoet^enol  dibromides,  having  the  general  formula, 

R— CH(OR')— CHBr— CH„ 

were  found  to  be  readily  converted  by  sodium  methylate  or  alco- 
holic potash  into  ketones, 

R— CO— CH,— CH„ 

while  the  compounds  obtained  from  monobromisosafrol  dibromide 
I         are  remarkably  stable  towards  alkaline  reagents,  and  they  do  not 
I         yield  ketones  on  treatment  with  sodium  alcoholate.    The  forma- 
tion of  the  ketones  from  the  first  class  of  compounds  is  due  to  the 
I  elimination  of  the  bromine  atom  in  the  A- position  as  hydrogen 

bromide,  and  the  resulting  unsaturated  ether  is  then  converted 
I  into  a  saturated  ketone  by  hydrolysis  and  subsequent  molecular 

;         rearrangement.    In  the  second  class  of  compounds,  the  /0- bromine 
^         2tom  is  not  removed  by  the  ordinary  alkaline  reagents. 
;  Some  months  after  the  completion  of  the  work  described  in  the 

previous  paper,  Auwers  and  Muller^  published  an  article  on  cer- 
I         tain  derivatives  of  the  bromides  of  eugenol  and  isoeugenol.    These 

1  Auwers  and  MttUer  :  S^.  d.  chem.  (7«f.,  as,  ix4. 


264  p.  J.  POND  AND  C.  R.  SIEGFRIED. 

chemists  found  that  the  bromine  derivatives  of  eugenol,  which 
may  be  represented  by  the  general  formula, 

R— CH,— CHBr— CH,Br, 
are  not  changed  by  the  treatment  with  alcohols,  aqueous  acetone, 
sodium  acetate,  organic  bases,  etc.,  and  that  they  show  no  abnor- 
mal reactions,  but  possess  the  character  of  ordinary  phenols.  On 
the  other  hand,  however,  the  bromides  of  isoeugenol,  having  the 
formula, 

R— CHBr— CHBr— CH3, 
are  at  once  changed  by  cold  methyl  or  ethyl  alcohol,  aqueous 
acetone  and  sodium  acetate,  one  atom  of  bromine  being  eliminated 
and  replaced  by  the  corresponding  radical.  In  every  case  the 
bromine  atom  which  is  removed  is  the  one  standing  in  the  a- 
position  to  the  benzene  radical ;  the  second  or  )^- bromine  atom 
does  not  enter  into  the  reaction  even  at  high  temperatures  or 
when  the  reagents,  such  as  sodium  acetate,  are  employed  in  a  large 
excess.  The  formation  of  these  compounds  is  represented  by  the 
formulas, 

R— CHBr— CHBr— CH,  --  R— CH(R')— CHBr— CH.. 

a  3  a  ^ 

According  to  Auwers,  therefore,  the  bromides  of  isoeugenol 
possess  the  character  of  pseudo-phenols,  and  in  general  the 
bromides  of  para-alkyl  phenols,  which  contain  bromine  atoms  in 
the  a-  and  )^- positions,  react  as  pseudo-phenols. 

A  further  point  of  considerable  interest  in  Auwers's  work  is  that 
when  the  ethers  or  alcohols,  resulting  by  the  treatment  of  iso- 
eugenol dibromide  or  tribromide,  are  heated  with  alcoholic  sodium 
methylate,  the  /?- bromine  atom  is  not  eliminated  as  hydrogen 
bromide,  as  was  found  to  be  the  case  with  the  compounds  derived 
from  the  bromides  of  isoeugenol  ethers  investigated  in  this  labora- 
tory, but  it  is  replaced  by  the  methoxyl-group ;  this  reaction  gives 
rise  to  ethers  of  glycols  as  is  represented  by  the  equation, 
R— CH(OCH.)— CHBr— CH,  +  NaOCH,  =  NaBr  -f 

a  ^ 

R— CH(OCH,)— CH(OCH,)— CH,. 
It  will  be  readily  seen  from  the  foregoing  that  Auwers's  work  is 
more  or  less  intimately  related  with  the  line  of  investigation  which 
has  been  conducted  in  this  laboratory  for  the  past  three  years,  the 
chief  difference  being  that  Auwers's  researches  were  carried  on 
with  isoeugenol,  a  compound  containing  the  free  phenolic  group. 
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while  our  work  is  confined  to  the  ethers  of  isoeugenol  and  of  other 
propenyl  phenols  as  anethol,  isosafrol  and  isoapiol.  This  differ- 
ence in  the  constitution  of  the  compounds  appears  to  exert  a  con- 
siderable influence  upon  the  reactions  of  the  substances  derived 
from  them,  since  in  no  case  have  we  observed  the  formation  of 
ediers  of  glycols  as  described  by  Auwers. 

The  experimental  work  described  in  this  paper  is  a  continuation 
of  our  investigations  on  the  action  of  alcohols  and  aqueous  acetone 
upon  the  bromides  of  isosafrol  and  isoapiol.  From  monobrom- 
isosafrol  dibromide  we  have  prepared  a  new  alcohol, 

/    >CH 

\cH(OH)-CHBr— CH, 
its  methyl  and  ethyl  ethers,  together  with  its  acetyl  and  benzoyl 
derivatives;  the  same  series  of  compounds  is  also  obtained  from 
monobromisoapiol  dibromide,  the  new  alcohol  having  the  formula, 


C,Br 


0>CH, 


OCH, 
OCH, 
tCHCOH)— CHBr— CH, 
From  this  alcohol  a  new  ketone  has  also  been  Obtained. 

EXPERIMENTAL. 

Monohromisosafrol  Dibromide,^ 

C,H,Br— O     ^"« 

"^CHBr— CHBr— CH, 
This  compound  is  readily  prepared  as  previously  described  by 
treating  an  ethereal  solution  of  isosafrol  with  two  molecular  pro- 
portions of  bromine.     It  separates  from  a  mixture  of  acetone  and 
ether  in  colorless  crystals,  melting  at  110**  to  iii®. 
a-Oxy'/S-brom-dihydro-bromisosafrol, 

/    >CH 
C,H,Br— O    ^"» 

\CH(0H)— CHBr— CH, 
A  solution  of  10  g^ams  of  monohromisosafrol  dibromide  in  50  cc. 

'  Pond,  Brb  and  Ford  :  This  Journal,  94,  340. 
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of  acetone  was  heated  to  boiling  and  then  treated  with  15  cc.  of 
water;  the  aqueous  acetone  solution  was  boiled  in  a  reflux  appa* 
ratus  on  the  water-bath  for  two  hours.  The  solution  at  first 
assumed  a  red  color,  which  gradually  became  colorless.  On 
completion  of  the  reaction,  the  product  was  poured  into  an  ev^K>- 
rating  dish,  and,  after  the  evaporation  of  the  acetone,  a  compound 
separated  as  a  yellow-colored  oil ;  after  standing  for  about  twelve 
hours,  this  oil  solidified  to  a  white,  waxy  substance,  which  was 
filtered,  washed  well  with  water  and  pressed  on  a  porous  plate. 
The  crude  compound  is  exceedingly  soluble  in  alcohol  and  ether, 
hence  it  is  best  to  crystallize  first  from  acetone  and  to  recrystallize 
from  alcohol ;  it  separates  from  these  solvents  in  beautiful,  large 
crystals,  which  melt  at  89®. 

Analysis  gave  the  following  results :  Calculated  for  C^oHioO,- 
Br,,  C,  35.50;  H,  2.95;  Br,  47.33.  Found,  C,  35.75,  35.78;  H, 
3.21,  3.07;   Br,  47.23. 

When  this  compound  is  boiled  with  alcoholic  potash  or  sodium 
methylate,  bromine  is  eliminated;  on  acidifying  the  reaction- 
product  with  hydrochloric  acid  and  then  adding  water,  an  oil  is 
formed.  It  was  expected  that  this  oil  would  exhibit  the  ordinary 
reactions  of  a  ketone,  but  it  failed  to  yield  an  oxime  or  semi- 
carbazone,  and  its  'examination  must  be  continued. 

The  methyl  and  ethyl  ethers  of  the  foregoing  alcohol  were  de- 
scribed in  a  previous  paper,  but  they  will  be  briefly  reviewed  here 
for  sake  of  completeness. 

a-Afethoxy-p-brom-dihydrO'bromisosafrol, 

C,H,Br— O    ^"« 

\:H(0CH,)— CHBr-CH, ' 
is  formed  when  a  solution  of  monobromisosafrol  idibromide  in 
methyl  alcohol  is  boiled  for  a  short  time.     It  crystallizes  from 
methyl  alcohol  in  large  prisms,  melting  at  75**  to  76.5**. 
a^Ethoxy-fi-brom-dihydro-bromisosafrol, 

y^ 


C,H,Br- 
obtained  by  boiling  a  solution  of  isosafrol  tribromide  in  ethyl  alco- 


\cH(OC,H,)— CHBr— CH,' 
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hoI,  crystallizes  from  alcohol  in  large  crystals,  and  melts  at  58"* 
to6o^ 

Boiling,  concentrated  sodium  alcoholate  is  without  action  upon 
these  two  ethers. 

Acetate  of  a-Oxy-P-brom-dihydro-bromisosafrol, 

\:H(0.C0CH,)— CHBr— CH," 
This  compound  is  formed  when  a  solution  of  3  grams  of  potas- 
sium acetate  in  5  cc.  of  glacial  acetic  acid  is  added  to  a  solution  of 
10  grams  of  monobromisosafrol  dibromide  in  15  cc.  of  glacial 
acetic  acid,  and  the  whole  is  boiled  for  about  five  minutes. 

The  cold  reaction-product  is  then  poured  into  water ;  the  c(Mn- 
pound  separates  as  an  oil,  which  solidifies  after  standing  for  abotit 
twelve  hours.  It  is  crystallized  from  alcohol,  dried  on  a  porous 
plate,  and  recrystallized  from  ethyl  acetate ;  it  separates  from  the 
latter  solvent  in  fine,  white  needles,  which  melt  at  73**  to  74**. 

Analysis  gave  the  following  results :  Calculated  for  C^tHiiO^- 
Br„  C,  37.89;  H,  3.16.    Found,  C,  37.97,  37.63 ;  H,  3.22,  3.26. 

Bensoate  of  a-Oxy-fi-brom-dihydro-bromisosafrol, 

C.H,Br— O    ^^« 

N:H(0.C0C,H,)— CHBr— CH,* 
In  order  to  prepare  this  benzoyl  derivative  of  the  alcohol,  Einhom 
and  Hollandt's  process  was  employed,  since  the  ordinary  Schotten- 
Baumann  method  employs  alkali,  which  would  lead  to  a  decom- 
position of  the  alcdiol. 

Five  grams  of  a-oxy-)8-brom-dihydro-bromisosafrol  were  dis- 
solved in  15  grams  of  pyridine,  and  3  grams  of  benzoyl  chloride 
were  added  slowly,  with  constant  shaking;  the  mixture  was 
allowed  to  stand  during  twenty-four  hours,  and  then  poured  into 
dilute  sulphuric  acid  (1:5).  The  benzoyl  derivative  separated  at 
first  as  an  oil,  but  solidified  after  repeated  washing  with  dilute  acid 
and  water,  and  was  crystallized  frcxn  a  mixture  of  ether  and 
acetone;  it  forms  long,  white  crystals,  melting  at  142''  to  143^. 
It  is  readily  soluble  in  the  usual  solvents. 


368  F.  J.  POND   AND   C.  R.  SIBGPRIBD. 

Analysis  gave  the  following  results :  Calculated  for  €17^1404- 
Br„  C,  46.15 ;  H,  3.16.    Found,  C,  46.27,  46.10;  H,  3.24,  3.21. 

Monobromisoapiol  Dibromide, 

g>CH, 

C.Br  \  OCH. 
I  OCH, 
tCHBr— CHBr— CH, 

prepared  as  previously  described^  by  the  action  of  two  molecular 
proportions  of  brcMiiine  upon  an  ethereal  solution  of  isoapiol, 
crystallizes  from  acetone  and  melts  at  120°. 

a-  Oxjf-fi-brom-dihydro-bromisoapiol, 

'g>CH. 

C,Br^  OCH, 
OCH, 
;  CH(OH)— CHBr— CH, 

Twenty  grams  of  monobromisoapiol  dibromide  were  dissolved 
in  100  cc.  of  acetone  and  treated  with  30  cc.  of  water;  after  boil- 
ing for  two  hours  in  a  reflux  apparatus,  the  acetone  was  allowed 
to  evaporate  and  the  oily  residue  was  washed  well  with  water. 
The  oil  gradually  solidified,  was  washed,  dried,  and  crystallized 
from  alcohol ;  it  separated  in  large,  well-defined  crystals,  melting 
at  85**  to  86^ 

The  compound  is  readily  soluble  in  the  usual  solvents.  When 
boiled  with  alcoholic  potash,  one  atom  of  bromine  is  removed  and 
a  new  compound  is  formed,  which  will  be  subsequently  described. 

Analysis  gave  the  figures:  Calculated  for  Ci2H,40BBr„  C, 
36.18 ;  H,  3.52 ;  Br,  40.20.  Found,  C,  36.21,  35.98 ;  H,  3.61,  3.31 ; 
Br,  40.34. 

The  methyl  and  ethyl  ethers  of  the  above-mentioned  alcohol  arc 
easily  obtained  by  boiling  a  solution  of  isoapiol  tribromide  in 
methyl  or  ethyl  alcohol. 

a-Methoxy'fi'brom'dihydrO'bromisoapiol, 
(  O 

C.Br^  OCH, 
OCH, 
I CH  (OCH,)  -CHBr— CM, 
A  solution  of  20  grams  of  monobromisoapiol  dibromide  in  50  cc. 

>  See  Pond,  Brb  and  Ford  :  Thii  Journal,  34,  343. 
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of  methyl  alcohol  is  boiled  for  a  few  minutes  and  then  poured 
into  a  crystallizing  dish ;  the  compound  separates  in  large  crystals, 
which  melt  at  92**  to  93**. 

Analysis  gave:  Calculated  for  QsHieOjErj,  C,  37.86;  H,  3.88; 
Br,  38.83.     Found,  C,  38.02,  38.01 ;  H,  3.90,  3.99 ;  Br,  38.78,  38.85. 

ct'  Ethoxy-  fi'brom  -dikydro-bromisoapiol, 

'g>CH, 

C,Br^  OCH, 
OCH, 
LCH(OC,Hj)— CHBr— CH, 

Twenty-eight  grams  of  monobromisoapioldibromide  were  dissolved 
in  ethyl  alcohol,  and  the  solution  was  boiled  for  ten  minutes;  on 
cooling,  this  compound  separated  in  large  crystals,  melting  at  72** 
to  73^ 

In  our  previous  communication,  this  compound  was  described 
as  an  oil,  and  at  that  time  it  was  impossible  to  induce  the  substance 
to  solidify;  now,  however,  we  find  no  difficulty  in  obtaining  a 
crystalline  product  at  once.  We  are  unable  to  find  a  satisfactory 
explanation  for  this  difference  in  the  behavior  of  the  substance, 
unless  we  attribute  it  to  a  slightly  purer  isoapiol  tribromide. 

The  compound  was  analyzed  with  the  following  results :  Calcu- 
lated for  Q^HigOeBr,,  C,  39.43 ;  H,  4.22.  Found,  C,  39.59,  39.20 ; 
H,  4.00,  405- 

Hot,  concentrated  solutions  of  alcoholic  potash  and  sodium 
methylate  are  without  action  upon  these  ethers. 

Acetate  of    a-Oxy-fi-brom-dihydro-bromisoapiolf 

'^0>CH 

C,Bri  OCH, 
OCH, 
I  CH(O.COCH,)— CHBr-CH, 
A  hot  solution  of  2.5  grams  of  potassium  acetate  in  5  cc.  of  glacial 
acetic  acid  was  added  slowly,  and  with  shaking,  to  a  warm  solution 
of  10  grams  of  monobromisoapiol  dibromide  in  15  cc.  of  glacial 
acetic  acid,  and  the  mixture  was  brought  to  a  boiling  temperature. 
The  cold  reaction-product  was  then  poured  into  water,  extracted 
with  ether,  and  the  ethereal  solution  washed  with  water,  dried 
over  calcium  chloride,  filtered  and  the  ether  allowed  to  evaporate. 
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The  substance  remained  as  an  oil,  which  solidified  slowly;  it  was 
crystallized  from  ether  and  melted  at  114""  to  115^. 

Analysis  for  carbon  and  hydrogen  gave:  Calculated  for 
Ci^HieOeBr,  C,  38.18;  H,  3.63.  Found,  C,  37.89,  38.18;  H,  3.90, 
3.58. 

Bensoate  of  a-Oxy-fi-brom-dihydro-bromisoapiol, 

C,Br^  OCH, 
I  OCH, 
L  CH(O.COC,H,)— CHBr— CH, 

This  ester  was  obtained  according  to  the  Einhom-HoUandt 
method  of  preparing  benzoyl  derivatives. 

Five  grams  of  a-oxy-/?-brom-dihydro-bromisoapiol  were  dis- 
solved in  15  cc.  of  pyridine  and  treated  with  3  grams  of  benzoyl 
chloride,  which  was  added  gradually.  After  standing  during 
twenty-four  hours,  the  reaction-mixture  was  poured  into  dilute 
sulphuric  acid  (1:5),  and  allowed  to  remain  until  the  oil,  which 
at  first  separated,  had  solidified ;  the  solid  was  then  filtered,  washed 
with  dilute  acid  and  water,  and  crystallized  from  alcohol.  It 
separates  in  well-defined  crystals,  which  melt  at  117**  to  118®. 

The  following  figures  were  obtained  by  analysis:  Calculated 
for  Ci^HigOeBrj,  C,  45.41 ;  H,  3.58.  Found,  C,  45.14,  45.13;  H, 
3.64,  3.44. 

a-Keto-dihydro-bromisoapiol, 

g>CH, 

C,Br^OCH, 
OCH, 
I  CO— CH,-CH, 

Although  the  ethers  of  a  oxy->^-brom-dihydro-bromisoapiol  arc 
not  affected  by  boiling  with  concentrated  solutions  of  adcofiolic 
potash  or  sodium  methylate  but,  in  fact,  separate  from  these 
solutions  on  cooling  and  show  their  original  melting-points, 
nevertheless  the  free  alcohol  itself  is  quite  readily  changed  by  the 
action  of  hot  alcoholic  potash.  A  similar  circumstance  was  noted 
in  the  behavior  of  the  derivatives  from  isosafrol  as  described 
above.  The  compound  obtained  from  the  a.oxy-isosafrol  deriv- 
ative is  an  oil,  while  that  formed  from  the  a-oxy-isoapiol  deriv- 
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ative  is  a  crystalline  substance,  and  analysis  seems  to  indicate  that 
it  is  a  ketone. 

Five  prams  of  a-oxy-/5-brom-dihydro-bromisoapiol  (m.  p.  85'' 
to  86** )  were  dissolved  in  25  cc.  of  ethyl  alcohol,  treated  with  a 
concentrated  solution  of  2  grams  of  potassium  hydroxide  in  alco- 
hol, and  boiled  in  a  reflux  apparatus  for  about  two  hours ;  at  the 
expiration  of  this  time  the  separation  of  potassium  bromide  was 
complete  and  100  cc.  of  water  were  added.  Five  cc.  of  hydro- 
chloric acid  were  then  introduced,  and  the  whole  boiled  for  about 
half  an  hour.  After  standing  for  about  twelve  hours,  a  solid 
substance  separated ;  this  was  filtered,  dried,  and  crystallized  from 
alcohol.    It  melts  at  128**  to  129**. 

Another  preparation  of  this  substance  was  made  by  boiling  23 
grams  of  the  or- oxy -compound  with  a  solution  of  7  grams  of 
potassium  hydroxide  in  100  cc.  of 'alcohol,  and  subsequently  treat- 
ing with  water  and  acid  as  above-mentioned.  The  solid  product 
crystallized  from  alcohol  in  beautiful,  small  crystals,  which  melt 
at  128**  to  129**  and  are  rather  sparingly  soluble  in  alcohol. 

Analysis  gave  the  following  results:  Calculated  for 
CijH^O^Br,  C,  4542 ;  H,  4.10.    Found,  C,  45.36,  45.67 ;  H,  4.45, 

4.31- 

The  analysis,  therefore,  indicates  the  formula  given  above. 
That  this  compound  is  a  ketone,  however,  has  not  been  abso- 
lutely proved,  since  our  investigation  was  interrupted  at  this 
point;  we  expect  to  continue  it  during  the  current  year.  It  is 
exceedingly  probable  that  the  substance  will  prove  to  be  the 
keUme. 

According  to  Auwers  and  Miiller,*  aoxy->^-brom-monobrom- 
dihydro-isoeugenol, 

/OH 
C,H,Br-OCH, 

^^CHCOH)— CHBr— CH,* 
obtained  by  the  action  of  aqueous  acetone  upon  monobromiso- 
eugenol  dibromide,  reacts  with  sodium  methylate,  yielding  ar-oxy- 
/J-methoxy-monobrom-dihydro-isoeugenol, 


xOH 


C,H,Br— OCH, 

\CH(0H)— CH(OCH,)— CH,' 

>  Auwers  and  Mttller  :  Ber.  d.  chem.  Ga.^  S8t  i^i- 
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If  a  similar  reaction  had  taken  place  in  the  treatment  of  a-fi-onj' 
brom-dihydro-brom-isoapiol  with  ethyl  alcc^olic  potash,  a  com- 
pound having  the  following  composition  would  have  resulted : 

'g>CH, 

C.Br^  OCH, 
OCH, 

,CH(OH)-CH(OC,H.)-CH, 
This  substance  contains  46.28  per  cent,  of  carbon  and  5^3  per 
cent,  of  hydrogen,  which  are  quite  different  from  the  figures 
obtained  by  analysis.  For  the  present,  therefore,  we  prefer  to 
retain  the  ketone  formula  above-mentioned.  This  line  of  investi- 
gation will  be  continued  and  extended  to  some  other  substances  of 
a  similar  constitution. 
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The  work  undertaken  in  connection  with  the  investigation  of 
the  composition  of  fresh  and  canned  pineapples  consists  of  the 
analysis  of  (i)  fresh  pineapples  from  various  sources,  (2)  canned 
pineapples  that  were  put  up  under  supervision  of  the  Consuls 
General  of  the  United  States  at  Singapore  and  Nassau,  and  (3) 
commercial  samples  of  canned  pineapples. 

DESCRIPTION  OF  SAMPLES. 

Of  the  thirty-eight  samples  of  fresh  pineapples  examined, 
twenty-one  were  from  Florida,  ten  from  Cuba,  four  from  Porto 
Rico,  two  from  the  Bahamas  and  one  from  Jamaica.  The  Florida 
pineapples  were  largely  obtained  from  representative  growers; 
the  Cuban  pineapples  were  nearly  all  purchased  on  the  market  at 
Havana;  the  Porto  Rican  pineapples  were  obtained  from  F.  D. 
Gardner,  Director  of  Porto  Rican  Experiment  Station;  the 
Bahama  samples  were  obtained  on  the  market  in  New  York ;  and 
the  sample  from  Jamaica  was  obtained  in  the  Washington  market. 
So  far  as  possible,  the  samples  obtained  were  the  well-ripened 
fruit,  but  in  some  cases  they  were  shipped  so  far  that  it  was  not 
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practicable  to  use  the  thoroughly  ripened  fruit  but  such  as  would 
stand  shipment.  Samples  804  to  80S  and  818  were  secured  early 
in  the  season  and  were  very  green.  Their  composition  shows  them 
to  be  of  inferior  quality  and  therefore  they  have  been  excluded 
from  the  averages  for  total  solids  and  for  sugars.  The  first 
sample  of  fresh  pineapples  was  received  March  4,  1902,  and  the 
last  sample  September  26,  1902,  and  samples  were  secured  at 
varying  intervals  between  these  dates. 

Sixteen  samples  of  canned  pineapples  were  obtained  from  the 
Consul-General  at  Singapore.  Of  this  number,  ten  were  put  up 
in  the  normal  pressed  juice  of  the  pineapple  without  addition  of 
cane-sugar  and  six  were  put  up  in  the  pressed  juice  to  which  cane- 
sugar  had  been  added.  Two  samples  were  obtained  from  the 
Consul-General  at  Nassau,  preserved  without  addition  of  cane- 
sugar. 

The  forty-two  samples  of  commercial  canned  pineapples*  came 
from  Singapore,  the  Straits  Settlements  and  from  the  Bahamas. 

METHODS  OF  ANALYSIS. 

The  methods  of  analysis  employed  in  this  work  were  essentially 
those  given  under  "Fruits  and  Fruit  Products,  Provisional 
Methods  for  the  Analysis  of  Foods,"  Bulletin  65,  Bureau  of 
Chemistry.  The  total  solids  were  determined  by  drying  in  a 
water-oven  with  asbestos  for  twenty  hours.  Solids  in  the  syrup 
wo-e  calculated  frcHn  the  specific  gravity,  using  the  table  of  H. 
EUion.  Reducing  sugars  were  determined  by  Meissl's  method 
for  invert  sugar,  and  cane-sugar  was  determined  both  by  the  in- 
crease in  reduction  after  inversion  with  hydrochloric  acid,  and  by 
double  polarization.  The  polarimetric  method  used  was  that  of 
the  German  Official  Chemists,  and  cane-sugar  was  calculated  by 
the  Herzfelt  formula, 

ioo(A  — B) 


S  = 


141.89 +  0.05B  — 5 


Results  by  the  two  methods  agreed  very  closely,  especially  where 
the  amount  of  cane-sugar  was  small.  With  samples  of  high  con- 
tent of  cane-sugar,  the  results  by  the  reduction  method  were  less 
reliable,  owing  to  the  influence  of  the  cane-sugar  upon  the  re- 
duction. 
While  the  acids  of  pineapples  are  largely  citric  they  are  ex- 
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pressed  in  this  paper  as  HtSO^  for  the  reason  set  forth  in  a  pre- 
vious contribution  from  this  laboratory.^ 

ANALYTICAL  DATA. 

Table  I  contains  the  results  of  analyses  of  the  fresh  pineapples. 
As  will  be  seen  by  reference  to  this  table,  there  is  no  material 
difference  in  composition  due  to  the  source  of  the  pinesfifries; 
neither  does  the  variety  seem  to  have  any  influence  on  the  compo- 
sition. Insoluble  solids,  ash,  acids,  and  protein  do  not  show  a 
wide  variation,  while  on  the  other  hand  the  samples  show  a  wide 
difference  in  the  content  of  sugars.  As  is  well  known,  the  sugars 
develop  very  rapidly  with  the  ripening  of  the  fruit  On  the  other 
hand  the  other  constituents  appear  to  be  present  in  equally  large 
amounts  in  the  green  fruit.  Of  particular  interest  is  the  relative 
amounts  of  reducing-  and  cane-sugars  in  the  fresh  fruit.  In 
nearly  all  cases  the  cane-sugar  is  largely  in  excess  of  the  reducing 
sugar.  The  average  amount  of  reducing  sugar  in  all  the  samples 
of  fresh  fruit  is  3.91  per  cent,  while  the  average  amount  of  cane- 
sugar  is  7.59  per  cent. — ^nearly  double  the  amount  of  reducing 
sugar. 

Table  II  contains  the  results  of  the  analyses  of  the  pineapples 
canned  under  direction  of  the  Consuls  General  at  Singapore  and 
Nassau  The  samples  put  up  without  addition  of  cane-sugar 
were  preserved  in  expressed  pineapple  juice,  the  amount  of  juice 
added  being  about  30  per  cent,  of  liie  entire  contents  of  the  can. 
So  far  as  content  of  total  sugars  are  concerned,  therefore,  the 
composition  of  these  canned  pineapples  should  not  be  materially 
different  from  the  composition  of  the  normal  fresh  fruits.  Other 
constituents,  especially  insoluble  solids,  will  be  lowered  by  the 
addition  of  the  juice  as  comparison  of  Tables  I  and  II  shows. 
While  the  amount  of  total  sugar  is  practically  the  same  as  in  the 
fresh  fruit,  the  relative  proportions  of  reducing-  and  cane-sugars 
are  entirely  different,  due  to  the  inverting  action  of  the  organic 
acids  during  the  processes  of  canning.  In  many  cases  the  amount 
of  the  cane-sugar  remaining  is  quite  small,  the  average  for  all  the 
samples  being  3.41  per  cent,  of  cane-sugar  and  7.99  per  cent,  cf 
reducing  sugars — ^just  the  reverse  of  the  condition  in  the  fresh 
fruit.  This  condition  also  holds  in  the  samples  put  up  with  addi- 
tion of  cane-sugar,  and  with  the  commercial  samples. 

>  TbU  Journal,  aj,  347  (1901). 
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Table  III  contains  the  results  of  analyses  of  forty-two  samples 
of  canned  pineapples  from  Singapore,  the  Straits  Settlements  and 
the  Bahamas.  It  is  apparent  from  the  high  content  of  sugars 
that  practically  all  of  the  canned  pineapples  from  Singapore  and 
the  Straits  Settlements  are  preserved  with  addition  of  cane-sugar. 
On  the  other  hand,  the  analyses  indicate  that  but  few  of  the 
samples  from  the  Bahamas  have  had  any  addition  of  cane-sugar. 

A  study  of  the  data  contained  in  the  foregoing  tables  fails  to 
bear  out  the  common  supposition  ^that  the  pineapples  grown  upon 
or  near  the  equator  contain  more  sugar  than  those  g^own  at  some 
distance  farther  north,  and  in  fact,  the  normal  content  of  sugar  in 
pineapples  grown  in  Florida  differs  so  little  from  that  of  pine- 
apples g^own  at  Singapore  that  the  difference  is  practically 
negligible. 

It  may  not  be  out  of  place  to  state  at  this  point,  that  these  in- 
vestigations were  undertaken  in  the  Bureau  of  Chemistry  at  the 
request  of  the  Secretary  of  the  Treasury  for  the  purpose  of  estab- 
lishing a  basis  of  classification  for  imported  pineapples  for  the 
guidance  of  the  appraisers.  Since  the  classification  of  these 
bodies  for  dutiable  purposes  depends  upon  the  answer  to  the 
question  of  whether  or  not  sugar  has  been  added  during  the 
process  of  preserving,  it  was  necessary,  first  to  establish  the 
normal  content  of  sugar  in  the  pineapples.  It  is  evident,  from 
inspection  of  the  analyses,  that  since  the  normal  pineapples  contain 
a  large  quantity  of  cane-sugar,  the  mere  presence  of  this  substance 
would  be  no  evidence  whatever  of  its  artificial  addition.  It  is  fur- 
ther evident,  that  if  a  syrup  containing  practically  the  same  quan- 
tity of  sugar  as  the  natural  syrup  of  the  pineapple  were  added,  it 
would  be  quite  impossible,  by  a  mere  determination  of  the  sugar 
present,  to  detect  the  addition.  The  only  guide  in  this  case  would 
be  to  determine  the  relation  of  the  sugar  present  to  the  total 
insoluble  matters  of  the  pineapple. 

If,  on  the  other  hand,  a  syrup  rich  in  sugar  were  added  in  pre- 
serving, it  would  be  easily  detected  by  the  increase  in  the  percent- 
age of  sugar  in  the  contents  of  the  can. 

In  looking  over  the  literature  accessible  to  us  relating  to  the 
analysis  of  pineapples,  at  the  commencement  of  these  investiga- 
tions, we  were  surprised  to  find  that  no  paper  has  been  published 
on  this  subject  except  one  by  Buignet  in  "Les  Sucres,"  published 
by  Maquenne  (Paris,  1900). 
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The  average  content  of  sugar  found  by  Buignet,  i/tj.,  13.9  per 
cent,  as  invert  sugar  is  not  materially  different  from  the  amount 
found  in  these  investigations. 
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The  author  has  from  time  to  time  encountered  samples  of  phos- 
phatic  material,  which  have  borne  the  name  of  concentrated  phos- 
phate, and  which  really  are  dehydrated  phosphate  of  alumina  and 
iron. 

Such  materials  usually  contain  approximately  45  per  cent  of 
phosphoric  anhydride,  of  which  more  than  0.5,  and  sometimes  as 
much  as  0.8,  will  dissolve  in  a  neutral  solution  of  ammonium 
citrate. 

The  phosphatic  mineral  from  which  this  fertilizer  is  made,  is 
obtained  principally  from  the  islands  of  Redonda  and  Grand  Con- 
netable  in  the  West  Indies,  and  is  a  hydrated  phosphate  of  alumina 
and  iron. 

The  author  has  made  several  analyses  of  the  mineral  from  the 
former  island,  and  a  number  of  analyses  have  been  published  by 
Shepard,^  Tate,'  and  Hitchcock,*  while  only  one  analysis  made  bv 
Andouard,*  is  yet  known  to  him  of  the  latter  phosphate.  The 
composition  of  the  two  phosphates  is  very  similar.  The  phos- 
phoric anhydride  ranges  from  35  per  cent,  to  39  per  cent,  in 
cargoes  and  as  high  as  43  per  cent,  in  the  richest  specimens. 

The  water  contained  in  the  mineral  is  nearly  proportional  to  the 
phosphoric  anhydride,  the  ratio  averaging  2P,Os  to  9H2O.  Two 
analyses  including  Andouard's  give  loHjO,  while  two  analyses 
have  been  as  low  as  SHjO.  The  proportion  of  AI2O3  to  Fe^O,  is 
irregular ;  usually  the  former  exceeds  the  latter,  especially  in  the 
richer  specimens. 

The  process  of  preparing  the  mineral  for  use  as  a  fertilizer,  was 
patented  by  the  late  Stephen  L.  Goodale,*  who  described  the  prin- 

»  Am.  J.  Set.,  47.428. 

*  J.  Soc.  Ckem.  Ind.^  5,  570. 

*  Bull  Geol.  Soc.  Am.,  9,6-9. 

*  Ann.  Agronom.,  ai,  171. 

*  **  Conversion  of  Hydrous  Phosphates  of  Alumina  and  Iron."    Monograph,  1893. 
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ciples  of  his  method  in  a  pamphlet  from  which  the  following  is 
quoted. 

"The  sample  properly  prepared  by  reduction  to  fineness  and  re- 
moval of  dust,  is  gradually  heated  in  a  properly  equipped  re- 
ceptacle. Elevation  of  temperature  proceeds  regularly  to  about 
100^  C,  at  which  point  a  halt  ensues,  usually  attended  by  a  fall  of 
several  degrees.  During  this  halt,  heat  is  apparently  absorbed; 
when  the  halt  ceases,  elevation  of  temperature  again  proceeds  regu- 
larly to  a  point  near  150®,  when  another  notable  halt  occurs ;  when 
this  ceases,  elevation  proceeds  without  interruption  to  full  dehydra- 
tion and  beyond,  if  permitted.  This  point  may  be  determined  by 
seasonably  exposing  a  cold  surface  to  the  orifice  where  escaping 
vapor  may  be  deposited  as  dew.  Application  of  the  test  should 
begin  at  least  as  soon  as  250^  or  260**  is  reached ;  the  point  of 
complete  dehydration  varies  in  samples  of  differing  composition, 
sometimes  as  low  as  275**,  rarely  beyond  330°,  usually  near 

325'  C." 

In  speaking  of  the  results  of  the  process,  Goodale  further  says : 
"To  attain  these  fully,  the  heat  must  reach  the  definite,  critical 
point  of  complete  dehydration.  If  only  one-fourth,  one-half  or 
three-fourths  be  expelled,  corresponding  enhancement  in  value 
does  not  accompany  such  expulsion.  Moreover,  if  elevation  of 
temperature  goes  beyond  the  critical  point,  change  also  goes  on 
toward  non-solubility, 'so  that  most  skilful  watchfulness  is  in- 
dispensable to  avoid  loss." 

Although  this  dehydration  results  in  a  high  percentage  of 
available  phosphoric  acid  as  measured  by  its  solubility  in  am- 
monium citrate,  the  use  of  the  calcined  phosphate  in  experiments 
with  plants,  has  not  shown  itself  to  possess  any  such  degree  of 
availability  when  applied  to  the  soil. 

This  fact  has  been  especially  demonstrated  by  several  series  of 
pot  experiments  made  at  the  Main  Experiment  Station,^  with 
twelve  different  kinds  of  plants ;  and  by  three  successive  years  of 
field  experiments  at  the  Rhode  Island  Experiment  Station^  with  a 
rotation  of  com,  oats  and  g^ss. 

It  was  further  noted  in  the  Maine  experiments,  for  which  the 
dehydrated  Redonda  phosphate  was  prepared  in  the  Station  labo- 
ratory, that  the  availability  of  the  substance  in  ammonium  citrate 

>  U^ne  Agr.  Bxpt  SU.  ReporU  (1893),  pp.  xo-ao ;  (1895),  pp.  lo-ao  ;  (1898;,  pp.  64-74^ 
*  R.  I.  Agr.  BxpL  SU.  Reports  (1894),  pp.  isa-iaB  ;  (1896),  pp.  s^j-Ui- 
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decreased  on  standing,  and  that  it  was  necessary  to  prepare  a 
fresh  quantity  of  phosphate  for  each  series  of  comparisons,  whidi 
suggested  that  the  dehydrated  phosphate  reverts  to  the  hydratcd 
condition  in  the  soil.  Goodale  mentions  in  his  pamphlet  that, 
under  certain  conditions;  the  phosphate  retrogrades ;  but  does  not 
give  any  particulars  beyond  intimating  that  it  is  due  to  over- 
heating. 

In  order  to  get  more  knowledge  of  the  nature  of  the  dehydrated 
phosphate,  and  of  its  availability,  a  series  of  experiments  was  car- 
ried out  in  the  spring  of  1900,  to  determine  the  amount  of  dehy- 
dration at  different  temperatures,  with  the  resultant  solubility  in 
ammonium  citrate  of  the  phosphate,  and  to  see  if  the  dehydrated 
mineral  would  revert  in  the  presence  of  moisture. 

In  this  series  of  experiments,  the  author  was  assisted  by  Mr. 
R.  H.  Shaw,  now  of  the  Kansas  Experiment  Station.  For  ma- 
terial there  was  used  ground  Redonda  phosphate  obtained  in  189 1 
from  Mr.  Goodale  for  field  experiments. 

The  mineral  was  analyzed  with  the  following  results :  Water  at 
low  red  heat,  21.33  P^r  cent.;  phosphoric  anhydride,  35.92  per 
cent. 

The  temperatures  selected  for  dehydration  were  those  men- 
tioned by  .Goodale,  viz.,  100^,  150*",  250**  and  325"*  C,  and  in  addi- 
tion 560**  and  830**  C.,  or  the  fusing  points  of  borax  and  sodium 
carbonate   respectively. 

The  estimation  of  water  at  100°  was  made  by  heating  the  min- 
eral in  wide  weighing  bottles,  in  an  air-bath,  at  a  temperature  of 
100**  to  105**  C.  The  material,  was  weighed  at  intervals  of  two 
hours,  and  the  weight  at  the  end  of  the  fourth  hour  was  practically 
the  same  as  that  at  the  end  of  the  sixth. 

At  the  approximate  temperature  of  830®  the  determination  was 
conducted  by  heating  in  a  platinum  crucible  over  a  Bunsen  flame, 
and  ascertaining  the  loss  in  weight,  as  in  the  foregoing  experi- 
ment. The  temperature  was  reached  by  adjusting  the  lamp 
flame  so  that  anhydrous  sodium  carbonate  was  brought  to  a  quiet 
fusion  in  a  platinum  crucible.  Then,  without  disturbing  the  lamp, 
the  sodium  carbonate  crucible  was  removed  and  another  platinum 
crucible  of  the  same  size  containing  the  phosphate  was  placed  in 
the  triangle. 

At  the  intermediate  temperatures,  the  water  was  not  only  deter- 
mined by  the  loss  in  weight  of  the  material,  but  also  by  the  gain 
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in  weight  of  a  calcium  chloride  tube  into  which  the  vapor  was 
passed. 

The  apparatus  was  arranged  similarly  to  that  for  a  combustion 
in  a  current  of  air  or  oxygen,  and  consisted  of  a  combustion  tube 
connected  at  one  end  with  a  drying  tower  and  at  the  other  end 
with  a  weighed  U-tube  containing  calcium  chloride. 

The  charge  of  phosphate  was  placed  in  a  porcelain  boat,  inserted 
in  the  combustion  tube,  and  pushed  to  the  middle.  For  the  tem- 
peratures of  150**,  250**,  and  325°,  a  tube  oven  was  used  instead  of 
a  combustion  furnace.  For  that  at  560**  a  special  furnace  was 
constructed  of  a  piece  of  magnesium-asbestos  steam-pipe  covering, 
a  little  shorter  than  the  combustion  tube.  A  rectangular  opening  was 
cut  in  the  middle  of  the  lower  half-section  long  enough  to  admit 
the  tops  of  three  Bunsen  burners  placed  in  a  line.  The  tube  was 
supported  above  the  burners  by  a  strip  of  asbestos  board,  and  when 
the  upper  half  section  was  in  place,  the  flames  played  around  the 
tube  as  in  a  combustion  furnace.  In  order  to  determine  the 
degree  of  heat  sustained  by  the  mineral,  a  porcelain  boat  contain- 
ing anhydrous  borax  was  inserted  in  the  combustion  tube  along 
with  the  boat  containing  the  phosphate,  the  latter  being  next  to 
the  calcium  chloride  tube.  The  borax  was  maintained  at  the 
stage  of  fusion,  which  could  be  observed  by  removing  the  upper 
half  section  of  the  improvised  furnace. 

Determinations  of  the  loss  in  weight  at  the  temperature  of 
fusing  borax  were  also  made  by  heating  in  a  platinum  crucible  in 
exactly  the  way  used  with  sodium  carbonate. 

In  the  tube  oven,  the  temperatures  of  150®  and  250**  were  de- 
termined by  thermometers  as  in  heating  sealed  tubes ;  but  since  in 
this  operation,  a  current  of  air  was  slowly  drawn  through  the 
tube,  the  temperature  of  the  mineral  would  be  somewhat  below 
that  registered  by  the  thermometers,  which  were  therefore  allowed 
to  run  about  10**  above  the  stated  temperatures  before  readjusting 
the  lamps. 

For  the  {^proximate  temperature  of  32^°,  the  thermometer 
r^stered  350** ;  but  powdered  potassium  nitrate  contained  in  a  boat 
placed  in  the  tube  reached  only  the  stage  of  incipient  fusion. 

The  three  salts  used  for  determining  temperatures  were  of 
Kahlbaum's  sealed  brand  of  C.  P.  chemicals,  and  showed  no  im- 
purities excepting  with  the  spectroscope. 
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Richards^  gives  them  the  following  melting-points :  Potassium 
nitrate,  339*"  C;  sodium  biborate,  561**  C;  sodium  carbonate, 
830°  C. 

In  the  tube  method,  at  the  temperatures  of  325®  and  560*  the 
water  was  expelled  from  the  mineral  quickly  and  condensed 
around  the  end  of  the  combustion  tube  next  the  calcium  chloride 
tube,  requiring  several  hours  for  its  removal  by  the  current  of  air 
drawn  through  the  apparatus,  since  it  was  necessary  to  pass  the 
air  slowly  in  order  to  insure  complete  absorption. 

For  the  absorption  method,  it  was  found  necessary  to  use 
smaller  charges  than  for  the  methods  depending  solely  on  loss  of 
weight.  The  effectiveness  of  the  drying-tower  was  demonstrated 
by  blank  determinations,  and  that  of  the  U-tube  by  connecting  a 
second  calcium  chloride  tube  and  weighing  it  separately.  The 
results  are  given  in  the  following  table. 

Pbrcbntagbs  of  Water  Expei.i«bd  at  Different  Temperatures. 


Temperature. 

Per  cent. 

Per  cent. 
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by  loss. 

by  absorption. 
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20.32 
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20.71 
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560 
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20.98 
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heating  15  min.  in  crucible 

830 

21.57 

K 
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830 

21.54 

i< 

it           l.      <i        II            11 

830 

21.63 

<( 

11                     y^            II                li                        II 

830 

21.45 

it 

II                     gQ            II                II                         il 

The  results  corroborate  the  statements  of  Goodale  regarding 
the  expulsion  of  water  at  100**  and  150**  but  do  not  show  complete 
dehydration  at  325**. 

The  slightly  lower  results  obtained  by  absorption  at  560**  were 
probably  due  to  incomplete  removal  of  water  from  the  combustion 
tube ;  but  might  also  be  due  to  the  destruction  of  organic  matter 
which  can  hardly  fail  to  be  present,  owing  to  the  fact  that  the 
porous  phosphate  is  more  or  less  penetrated  by  the  roots  of  grasses 
and  cacti,  and  Andouard  in  his  analysis  of  Grand  Connetable 
phosphate  reports  traces  of  carbon  dioxide. 

In  determining  the  availability  of  the  phosphate,  the  official 
neutral  solution  of  ammonium  citrate'  was  used ;  but  the  citratc- 

1  Am.  Chem.J.y  ao.  704. 

•  **  Methods  of  Analysis,  Association  of  OfiBcial  Agricultural  Chemists,'*  Bull.  4^  Bar. 
of  Chem.,  U.  8.  Dept.  Agr.,  p.  11. 
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soluble  phosphoric  acid  was  determined  directly,  instead  of  indi- 
rectly as  in  the  official  method.  This  was  done  because  in  all 
previous  work  with  this  particular  phosphate,  it  was  found  im- 
possible to  prevent  the  finest  particles  of  mineral  running  through 
any  paper  filter  that  would  permit  a  ready  passage  of  tJie  citrate 
solution.  Ross'  method^  was  therefore  selected,  which  is  based  on 
digesting  the  filtrate  of  citrate-soluble  phosphoric  acid  with  sul- 
phuric add  and  oxidizing  agents,  as  in  the  Kjeldahl  method  for 
nitrogen,  after  which  the  molybdate  solution  is  used  as  usual. 
Of  course,  this  method  gives  somewhat  lower  results  than  the 
indirect  method ;  but  this  is  not  due  to  incomplete  recovery  of  the 
phosphoric  acid,  which  was  repeatedly  verified.  The  method  of 
procedure  then,  was  to  digest  i  gram  of  the  mineral  in  lOO  cc.  of 
neutral  ammonium  citrate,  filter  through  an  asbestos  felt  with  the^ 
aid  of  a  pump,  digest  aliquot  parts  of  the  filtered  solution  after 
Ross'  method,  and  determine  the  phosphoric  acid  as  usual.  By 
the  use  of  an  asbestos  felt,  it  was  possible  to  get  a  clear  filtrate  and 
to  remove  the  citrate  solution  quickly  from  the  mineral.  The 
availability  of  the  phosphate  at  the  different  stages  of  dehydration 
was  found  to  be  as  follows : 


Undehydrated 

2.08  per 

cent.  PjOj 

Heated  to  100* 

19.64    ** 

"       ••  150" 

27.25    •' 

M     250° 

32.76    " 

"                 "     325**       ^ 

31.53    ** 

"       "  S6o^ 

32.65    •' 

"       -  830*  15' 

11-35    ** 

•*     **  830**  90'  2.53  ••     " 

These  results  show,  that  to  get  the  highest  degree  of  availability, 
it  is  necessary  to  remove  practically  all  of  the  water ;  but  they  do 
not  confirm  the  statement  that  a  continuation  of  the  heat  beyond 
325®  lowers  the  solubility,  since  at  560**  the  mineral  underwent 
the  heating  for  from  six  to  eight  hours  while  the  water  was  being 
aspirated  from  the  tube.  The  high  temperature  required  to  fuse 
sodium  carbonate  produces,  however,  a  marked  decrease  in  solu- 
bility, and  this  is  intensified  by  prolonging  the  heating. 

The  effect  of  exposure  to  a  moist  atmosphere  was  determined 
by  placing  the  dehydrated  phosphate  under  a  bell-jar,  in  an 
atmosphere  saturated  with  moisture  from  an  open  dish  containing 
water.    The  phosphate  was  weighed  in  a  porcelain  boat  placed 

1  Bull.  38,  Bur.  of  Chem.,  U.  S.  Dept.  Agr.,  p.  i6. 
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inside  a  weighing-tube,  and  the  boat  was  exposed  under  the  bell- 
jar,  until  it  had  reached  equilibrium  with  respect  to  moisture,  be- 
fore the  dehydrated  mineral  was  weighed  into  it.  The  charg^es 
used  were  small,  in  order  to  expose  as  much  surface  as  possible  to 
the  action  of  the  moist  atmosphere. 

The  different  degrees  of  dehydration,  which  were  compared, 
were  those  obtained  by  heating  to  250**,  325**,  560**,  and  830* 
respectively.    The  results  obtained  were  unlooked  for  and  of 
much  interest. 
Phosphate  dehydrated  at  250** ;  charge,  0.2965  gram. 

Water  absorbed  in    24  hours,  0.0565  gram. 
"    72      "      0.0690    *' 
*'   120      **      0.0705    " 
Total  water  absorbed,  23.78  per  cent,  of  charge  taken 

Pliosphate  dehydrated  at  325** ;  charge,  0.2200  gram. 

Water  absorbed  in    24  hours,  0.0425  gram. 
**         **    72     •*      0.0485     '• 
*•  120     **      0.0495     *• 
Total  water  absorbed,  22.50  per  cent,  of  charge  taken. 

Phosphate  dehydrated  at  560® ;  charge,  0.6495  grani. 
Water  absorbed  in  24  hours,  0.0415  gram. 
*•  48     **       0.0585     " 
•*  96      "       0.0605     " 
Total  water  absorbed,  9.32  per  cent,  of  charge  taken. 

Phosphate  dehydrated  by  heating  fifteen  minutes  at  830®  ;  charge, 
0.4730  gram. 

Water  absorbed  in  24  hours,  0.0065  gram. 
*•  48      ••       0.0095     " 
Total  water  absorbed,  2.00  per  cent,  of  charge  taken. 

The  moistened  phosphate  was  next  transferred  to  an  ammonium 
citrate  solution  and  its  availability  determined  by  the  same  method 
that  was  employed  after  dehydration.  As  the  charges  of  phos- 
phate of  the  temperatures  250°  and  325**  were  so  small,  they  were 
combined  for  the  determination  of  available  acid.  The  quantity 
of  citrate  solution  was  reduced  to  50  cc.  in  all  these  cases,  since 
the  charges  were  approximately  only  0.5  gram  each. 

The  availability  of  the  four  grades  of  phosphate  was  now  found 
to  be  as  follows : 

250®  and  325**,  19.30  per  cent.  PgOj  in  dehydrated  phosphate. 
56o<»  29.76    **      •*        "     " 

830®  7.09    **      •*       *'      **  •*  •* 
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The  experiment  was  repeated  with  the  phosphates  dehydrated  at 

325**  and  s6o^ 
Phosphate  dehydrated  at  325®;  charges  (a),  04160  gram;  (b), 
0.5330  gra«J- 

Water  absorbed  in    75  hours,  (a)  0.0900  gram  ;  {b)  0.1 140  gram. 
"    96     *•        "    0.0950    •*  ••    0.1200    " 

*'         ••  240     "        **    0.1090    **  *'    0.1460    " 

Total  water  absorbed,  (a),  36.20  per  cent;  (b)^  27.39  P^  ce>^t.  of  charge 

taken. 

Phosphate  dehydrated  at  seo*";  charges  (a),  0.4450  graih;  (6), 
0.6820. 

Water  absorbed  in    24  hours,  (a),  0.0370  gram;  (d)^  0.0540  gram. 
"    48     '•        **     0.0480     ••         *•    0.0660    «* 
*•  120     "        "     0.0580     "         "   0.0800    *• 
"       '"240     ••        ••     0.0710     **         «*      weight  lost. 
Total  water  absorbed  in  120  hours,  (a),  13.04  per  cent.;  (^),  11.72  per  cent 
Absorbed  in  240  hours,  (a),  15.95  per  cent. 

For  the  estimation  of  available  phosphoric  acid  the  duplicate 
charges  of  each  grade  were  combined,  making  an  approximate 
charge  of  i  gram  for  each  grade,  and  100  cc.  of  citrate  solution 
were  used.    The  availability  in  this  trial  was  respectively : 

325®    11.54  per  cent.  P,05  in  dehydrated  phosphate. 
56o*»    27.70    *'       *•      *•      *• 

Having  on  hand  about  200  ppunds  of  the  d^ydrated  phosphate 
obtained  in  1891,  which  had  been  stored,  since  then,  in  the  base- 
ment of  the  laboratory  exposed  in  an  open  barrel,  it  was  tested  for 
availability  in  ammonium  citrate  in  order  to  determine  its  keeping 
qualities.  In  1891  this  lot  contained  46.85  per  cent,  total  and 
21.91  per  cent,  available  phosphoric  acid,  and  but  a  trace  of  mois- 
ture. In  1900  a  new  analysis  yielded  10.98  per  cent,  water; 
41.95  per  cent,  total  phosphoric  acid -and  14.60  per  cent,  available. 
The  decrease  in  total  phosphoric  acid  is  proportional  to  the 
absorption  of  water,  while  the  drop  in  available  is  far  in  excess  of 
such  hydration. 

Some  of  the  material  was  next  exposed  to  a  moist  atmosphere 
for  eight  days,  in  which  time  it  gained  9.42  per  cent,  of  its  weight, 
and  on  determining  the  available  phosphoric  acid,  it  was  found  to 
have  fallen  to  11. 31  per  cent,  of  the  original  charge. 

The  phosphates  dehydrated  at  325''  and  560**,  respectively,  were 
next  subjected  to  the  action  of  water  saturated  with  carbon  di- 


288  DBHYDRATBD  PHOSPHATB  OP  ALUMINA. 

oxide,  and  its  effect  was  also  tried  on  the  undehydrated  mineral 
One  gram  of  material  was  taken  in  each  instance  and  placed  in  a 
flask  with  200  cc.  of  water.  Carbon  dioxide  was  passed  into  the 
water  in  each  flask,  during  thirty  to  sixty  minutes,  twice  a  day  for 
six  days,  and  the  flask  was  shaken  two  or  three  times  during  its 
passage.  The  gas  was  prepared  from  sodium  bicarbonate  and 
sulphuric  acid,  to  avoid  any  acid  vapors,  and  was  washed  before  it 
entered  the  flask.  At  the  end  of  the  period,  an  aliquot  part  of 
clear  liquid  was  taken  from  each  flask  and  tested  for  phosphoric 
acid.  The  amount  appeared  so  slight  in  each  case,  that  no  attempt 
was  made  to  determine  the  proportion  for  each  grade  of  material; 
but  the  filtrates  from  the  three  were  combined  and  then  concen- 
trated by  evaporation,  after  which  the  phosphoric  acid  was  deter- 
mined as  the  average  for  the  lot,  and  found  to  be  0.31  per  cent,  of 
the  charges  taken. 

Each  residue  was  next  digested  with  the  ammonium  citrate 
solution  and  the  amount  of  available  phosphoric  acid  estimated, 
which  was  as  follows: 

Undehydrated  0.69  per  cent,  of  charge  taken. 

Dehydrated  at  325*    6.67   **      *'      •*       " 

(I  a    ^5qO  2^^^     <i         ••        ii  4*  •» 

By  these  different  series  of  experiments,  the  rapid  deterioration 
of  the  dehydrated  phosphate  with  respect  to  its  available  phosphoric 
acid,  is  clearly  shown  in  the  case  of  the  material  prepared  accord- 
ingtoGoodale'sprocess,andtheclaimiscontradictedthat  heating  be- 
yond 325**  is  injurious.  The  results  show  without  exception  that  the 
temperature  at  which  borax  fuses  is  not  too  high  for  good  results, 
and  that  the  phosphate,  after  being  heated  to  that  point,  is  more 
permanently  soluble,  and  less  apt  to  again  become  hydrated. 
Whether  it  would  be  more  available  to  plants  than  those  lots  sub- 
jected to  lower  temperatures,  cannot  be  told  without  vegetation 
tests. 

Nbw  HAMPSHniE  College  Aoei cultural 
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Several  years  ago,  in  connection  with  certain  investigations 
then  under  way,  the  writer  had  occasion  to  prepare  the  substances 
described  in  this  paper.  As  there  is  but  little  likelihood  of  this 
line  of  work  being  resumed,  it  seems  advisable  to  record  the 
properties  of  these  new  compounds  for  the  information  of  other 
workers  in  this  field,  particularly  since  J.  v.  Braun,  in  his  recent 
article  on  the  dithiourethanes,^  calls  attention  to  the  fact  that  only 
two  (ethyl  and  isopropyl)  alkyl  esters  of  unsubstituted  dithio- 
carbamic  acid  are  mentioned  in  the  literature. 

Normal  Heptyl  Thiocyanate,  QH^SCN.— Normal  heptyl 
bromide  was  prepared  by  the  action  of  bromine  and  amorphous 
phosphorus  upon  normal  heptyl  alcohol,  the  bromide  being  driven 
out  of  the  crude  reaction  product  by  a  rapid  current  of  steam. 
The  separated  bromide  was  washed  with  water,  with  sodium 
carbonate  solution,  with  water  again,  dried  with  calcium  chloride, 
treated  with  cold  concentrated  sulphuric  acid  to  remove  unchanged 
heptyl  alcohol,  washed,  dried  again  and  distilled.  As  thus  pre- 
pared, normal  heptyl  bromide  forms  a  colorless  oil,  boiling  at 
i75-5'*-^77-5**  (tmcorr.)  at  765  mm.,  and  volatile  with  steam.  In 
concentrated  alcoholic  solution  this  bromide  rapidly  transposes 
with  potassium  thiocyanate,  the  reaction  being  complete  in  about 
half  an  hour,  if  conducted  at  the  boiling-point  of  the  solution. 
The  separated  thiocyanate,  washed  and  dried,  distils  at  234**-236* 
(uncorr.).  Rectified  under  diminished  pressure,  thepure  substance 
is  obtained  as  a  colorless  mobile  oil  of  peculiar  but  not  unpleasant 
odor,  boiling-point  136''  (corr.)  at  28  mm. ;  sp.  gr.  at  20®,  0.92. 

Normal  Heptyl  Sulphonic  Acid,  C.H„SOsH:— The  thiocyanate 
was  oxidized  by  heating  with  moderately  strong  nitric  acid.  After 
the  evaporation  of  the  nitric  acid,  the  syrupy  residue  was  taken  up 
with  water,  excess  of  barium  carbonate  added,  the  mixture  boiled, 
and  filtered  hot.  The  barium  salt  of  the  sulphonic  acid  crystallized 
from  the  filtrate,  on  cooling,  in  pearly  white  scales,  only  moder- 

1  Ber.  d.  cheui,  Gfs  ,  aSi  33^  (190a). 
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atdy  soluble  in  cold  water  or  in  cold  95  per  cent,  alcohol,  and  con- 
taining no  water  of  crystallization.  Spring  and  Winssinger,^  by 
the  action  of  chlorine  upon  the  normal  heptyl  sulphoxide,  obtained 
a  mixture  which  they  believed  contained  barium  heptyl  sulphonate, 
but  they  did  not  separate  die  mixture  or  obtain  the  barium  salt  in 
question  in  a  pure  state. 

Normal  Heptyl  Dithiocarbmiate,  HjNCSSCtHx,.— Normal 
heptyl  thiocyanate  was  treated  with  hydrogen  sulphide  at  100^, 
the  hydrogen  sulphide  being  driven  in  against  a  pressure  of  7 
inches  of  mercury.  In  the  course  of  six  to  ten  hours,  glassy 
prisms  of  the  dithiocarbamic  ester  separated.  Recrystallized  from 
a  mixture  of  naphtha  and  carbon  bisulphide,  large  glassy  prisms 
of  soapy  feel  were  obtained,  melting  at  65^,  and  easily  soluble  in 
methyl  alcohol,  chloroform,  benzene,  acetone  and  carbon  bisul- 
phide, difiScultly  soluble  in  naphtha  or  kerosene. 

Normal  Propyl  Dithiocarbamate,  HjNCSSCjH^,  prepared 
from  normal  propyl  thiocyanate  and  hydrogen  sulphide  in  a 
similar  manner,  crystallizes  from  a  mixture  of  naphtha  and  carbon 
bisulphide,  in  large  colorless  prisms,  melting-point  57**,  in- 
soluble in  water,  very  easily  soluble  in  methyl,  etfiyl  or  isoamyl 
alcohols,  in  benzene,  toluene,  acetone,  chloroform  or  carbon  bi- 
sulphide, easily  soluble  in  hot  naphtha  or  kerosene  but  on  cooling 
tends  to  separate  as  an  oil.  Through  the  kindness  of  Dr.  Austin 
F.  Rogers,  of  the  Mineralogical  Department  of  this  University, 
the  crystals  were  measured,  with  the  following  results : 

Crystals — ^tabular,  parallel  to  basal  pinacoid. 

Monoclinic — a  :  b  :  c=: 0.8536  :  i  :  0.9447.  /?=  77*^ 7'. 

Observed  forms — c  (001),  a  (100),  m  (no),  t  (012),  q  (oil). 

_  Measured.  Galcnlated. 

mm^^^  (iioAiio)  (7)  loo**  28^  

cm  (001  A"o)  (6)  80®    S''  

^  (ooiAon)  (6)  43''  38.5'  •••••• 

£fm  (ooiAiio)  (3)  99**  53-5'  99^  5^ 

qq^^^  (OH Aon)  (4)  94**  44'  94**  43' 

ct  (011A012)  (3)  24*  45'  24*  43' 

Cleavage — ^perfect,  parallel  to  c ;  imperfect,  fibrous  parallel  to  a 
Isoamyl  Dithiocarbamate,  H^NCSSCgHii,  from  amyl  thiocy- 
anate and  hydrogen  sulphide,  under  similar  additions,  oystalUzes 
from  a  mixture  of  carbon  bisulphide  and  naphtha  in  glassy 

I  Butt.  Soc,  Ckim,,  49.  73. 
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micaceoas  scales,  melting-point  51.5^,  easily  soluble  in  methyl  or 
ethyl  alcohols,  in  chloroform,  carbon  bisulphide,  benzene,  acetone, 
very  difficultly  soluble  in  boiling  water,  difficultly  soluble  in  cold 
naphtha  or  kerosene  but  easily  soluble  in  these  solvents  when 
boiling. 

Note. — Since  writing  the  above,  an  article  has  appeared  by 

Delepine,*  in  which  he  describes  the  methyl,  ethyl,  normal  and 

isopropyl,  tfcnzyl  and  ^-nitrobenzyl  dithiocarbamates,  and  gives 

the  melting-point  of  the  normal  propyl  compound  as  58*. 

M.  T.  BOGERT. 

Okoakic  I«aboratokt,  Havbmrtbr  Hall, 
Columbia  Univkrbitt. 
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Received  January  9*  S903* 

The  difficulties  which  attend  the  accurate  determination  of  the 
freezing-points  of  dilute  solutions,  according  to  the  ordinary 
method  of  procedure,  are  well  known.  A  brief  perusal  of  the 
work  of  Jones,*  Loomis,*  Nemst  and  Abegg,*  and  Raoult"  is 
enough  to  convince  even  a  hasty  reader  that  besides  the  common 
errors  of  thermometry,  and  of  quantitative  work  in  general,  the 
process  is  especially  complicated  by  the  slowness  with  which  the 
equilibrium  is  attained.  This  complication  results  in  either 
supercooling  or  superheating,  according  as  the  system  is  being 
cooled  or  warmed.  Nernst  and  Abegg  performed  a  valuable  ser- 
vice in  calling  attention  to  this  danger,  and  the  latter  of  the  two, 
as  well  as  Loomis  and  Raoult,  carried  out  a  few  accurate  deter- 
minations guarding  especially  against  it.  Unfortunately,  how- 
ever, their  precautions  were  so  elaborate  that  few  experiments 
were  made,  and  the  difficulty  seems  to  have  deterred  other  workers 
in  the  same  field. 

It  is  easy  to  see  that  another  method  may  be  used,  a  method 
which  overcomes  the  chief  difficulty  in  a  simpler  manner ;  and  the 

1  Bus.  Soe.  Ckim^  4,  j^^o,  4S  (1903)  • 

*  Jones :  Zttchr,  phys.  Cham.,  11,  no  and  5219  ;  la,  623  (1893). 

9  IfOomit :  f9^$^  Ann.,  51, 500  (1894) ;  «Uo  Ztsckr.  phys.  Ckem,,  3a,  578  (1900)  ;  37*  40? 
(1901). 

*  Nernit  and  Abegg:  Ztsehr,  phys.  Chtm.,  13, 681  (1894) ;  aIbo  Abegg-  /dt<L,  ao,  ao;  (1898). 

*  Raoul   :  Compi.  R€nd»  i^$,  751  (1897). 
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present  paper  has  as  its  object  the  brief  presentation  of  this  simpler 
method. 

As  has  been  said,  the  prime  difficulty  is  the  delay  in  attainiog 
the  true  equilibrium.  Since  this  equilibrium  is  one  between  two 
phases,  it  can  be  adjusted  only  on  the  surface  between  the  two. 
The  speed  is  therefore  proportional  to  the  extent  of  surface.  In 
order  then  to  avoid  the  danger  of  superheating  or  superceding, 
one  must  have  as  much  ice  present  as  possible,  instead  of  as  little 
as  possible.  Nothing  could  be  easier  dian  the  carrying  out  of  the 
process  under  these  new  conditions.  It  is  true  that  die  solution 
surrounding  the  ice  must  be  analyzed,  but  this  may  often  be  done 
volumetrically  or  simply  by  evaporating  portions  to  dryness,  and 
the  labor  thus  involved  is  vastly  less  than  that  involved  in  the 
older  method.* 

While  the  Beckmann  apparatus  may  be  thus  used  with  a  large 
excess  of  ice,  fairly  accurate  results  may  be  obtained  more  simply 
as  follows.  A  tall  beaker  of  at  least  half  a  liter  capacity  is  filled 
with  finely  cracked  ice.  In  many  cases  a  slight  impurity  present 
in  the  ice  will  not  cause  a  serious  error,  unless  the  impurity  present 
is  such  as  to  influence  the  degree  of  dissociation  of  the  substance 
to  be  studied,  or  chemically  to  combine  with  it.  It  is  important  in 
this  case,  however,  that  the  water  at  first  surrounding  the  ice 
should  have  the  same  amount  of  impurity  as  the  ice  itself;  hence, 
it  is  well  to  use  a  melted  sample  of  the  same  material  for  this  pur- 
pose. The  beaker  is  surrounded  by  a  protection  of  wool  or  cotton 
several  centimeters  thick,  in  order  to  delay  the  melting.  The 
temperature  of  the  melting  ice  is  then  taken  by  means  of  a  deeply 
immersed  accurate  thermometer,  allowing  the  zero  point  to  become 
constant.  A  small  portion  of  the  substance  to  be  studied,  dis- 
solved in  a  small  volume  of  the  same  water,  is  added  and  the  mix- 
ture is  stirred  with  a  pipette:  until  the  temperature  has  become 
approximately  constant,  and  then  the  pipette  is  freed  from  the 
little  cold  liquid  which  it  contains  and  quickly  used  to  draw  out  its 
volume  of  liquid  from  the  immediate  neighborhood  of  the  ther- 
mometer bulb.  The  thermometei:,  which  of  course  should  be 
gently  tapped  before  each  reading,  remains  surprisingly  constant 
during  this  process,  since  the  slow  melting  takes  place  only  on  the 
sides  and  top  of  the  beaker,  and  the  diffusion  through  the  inter- 

1  Roloff  thus  analysed  concentrated  solutions.  Ztsckr.  pkys.  Cktm^  i8,  57a  (iSgs)- 
A.  A.  Noyes  has  kindly  suggested  to  me  the  use  of  electrical  conductivity  as  a  convcoleat 
means  of  analysing  the  solution  without  withdrawing  it. 


FREEZING-POINTS  OP  DILUTE  SOLUTIONS.  293 

stices  of  the  ice  is  too  slow  to  have  an  important  effect.  If  this 
withdrawn  pipetteful  measured  lo  cc.  and  is  titrated  by  means  of 
an  N/io  solution,  the  number  of  cubic  centimeters  of  titrating 
solution  divided  by  lOO  gives  at  once  the  approximate  equivalent 
normality  of  the  freezing  solution.  For  the  greatest  accuracy,  of 
course,  allowance  should  be  made  for  the  contraction  of  the  glass 
and  of  the  solution  at  the  low  temperature ;  but  for  approximate 
results  these  complications  are  not  necessary.  By  means  of  this 
very  simple  apparatus  it  is  easy  to  obtain  a  depression  of  half  a 
degree  within  half  a  per  cent,  of  its  true  value. 

When  it  is  desired  to  obtain  a  result  accurate  to  within  less  than 
the  thousandth  of  a  degree,  greater  precautions  of  all  kinds  must 
be  taken.  The  thermometer  must  become  seasoned  to  the  low 
temperature  by  remaining  for  hours,  or  even  for  days,  in  melting 
ice,  in  order  that  the  slow  rise  of  the  zero  point  due  to  the  slow 
internal  adjustment  of  the  glass  may  have  ceased;  the  pressure 
due  to  the  atmosphere  and  the  height  of  the  liquid  should  be  care- 
fully observed,  since  the  bulb  is  compressible;  the  thermometer 
should  be  carefully  calibrated  with  reference  to  the  international 
hydrogen  scale ;  the  inflow  and  outflow  of  heat  should  be  reduced 
to  a  minimum,  and  pure  ice  must  be  used.  No  thermometer  can 
ever  give  an  accurate  reading  of  a  temperature  which  is  not  con- 
stant for  many  minutes,  because  the  thermometer  possesses  heat 
capacity,  and  its  temperature  must  therefore  inevitably  lag  behind 
that  of  its  changing  environment.* 

The  inflow  or  outflow  of  heat  may  easily  be  prevented  by  im- 
mersing the  experimental  vessel  in  a  mixture  possessing  a  temper- 
ature, within  a  few  hundredths  of  a  degree,  the  same  as  that 
inside.  Such  a  mixture  is  very  easily  made  with  pounded  ice  and 
small  portions  of  any  soluble  salt,  added  in  solution  until  an 
auxiliary  thermometer  graduated  into  tenths  of  a  degree  indicates 
a  sufficient  approach  to  the  temperature  desired.^  An  air  jacket, 
such  as  is  used  in  Beckmann*s  apparatus,  is  an  advantage,  if  it  can 
be  entirely  immersed  in  this  bath,  but  if  it  allows  the  convection  of 
warm  air  it  is  rather  a  disadvantage  than  an  advantage.  A  Dewar 
flask  might  answer  well.  For  results  of  the  greatest  accuracy, 
the  vessels  should  all  be  large.  If  these  principles  are  heeded, 
almost  any  form  of  apparatus  will  yield  good  results. 

*  This  error  iri'^Atly  complicates  the  correction  for  cooling  in  caloriraetric  experi- 
ments, bat  is  Dsually  disregarded. 

'  Ncms       d  Abegg  used  constant  temperature-baths  of  this  kind  (loc.  cit.). 
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The  determinations  recorded  below  were  conducted  as  follows: 
A  Jena  flask  holding  somewhat  over  a  liter,  was  fitted  with  a 
rubber  stopper  containing  three  holes.  One  of  these  received  iht 
thermometer  (which  was  arranged  so  as  to  come  no  nearer  than  a 
centimeter  to  the  bottom  of  the  flask),  another  a  short  fme  funnd- 
tube  for  admitting  the  salt  solution,  and  the  third  a  short,  wide 
glass  tube  large  enough  to  admit  the  long  stem  of  a  20  cc  pipette. 
This  pipette  was  used  for  withdrawing  portions  of  the  solution, 
its  point  was  always  allowed  to  remain  several  minutes  in  the  ice, 
and  the  liquid  remaining  in  it  was  always  expelled,  before  it  was 
filled  by  suction.  If  the  flask  has  not  a  wide  neck,  the  stem  of  the 
pipette  should  be  slightly  bent  just  below  the  bulb,  otherwise  this 
bulb  collides  with  the  projecting  thermometer  stem. 

During  an  experiment,  the  flask  was  somewhat  more  than  half- 
filled  with  carefully  washed,  cracked  ice,  and  at  first  contained 
enough  ice-water  to  reach  about  a  centimeter  above  the  top  of  die 
thermometer  bulb, — enough  to  render  the  pieces  of  ice  easily 
mobile.    The  flask  was  then  immersed  in  a  large  bath  of  similar 
cracked  ice,  and  was  packed  in  cotton  wool  and  cloth  and  left  widi 
the  thermometer  stem  projecting  for  forty-eight  hours.    In  this 
time,  the  arbitrary  zero  point  of  the  thermometer  rose  from  a 
minimum  of  3.805  to  3.820,  where  it  remained  during  the  experi- 
ments, so  long  as  there  was  no  large  change  in  the  pressure  on  the 
bulb.    When  the  zero  point  had  been  established,  successive  por- 
tions of  potassium  chloride  solution  were  added,  and  the  corre- 
sponding positions  of  the  mercury  thermometer  were  read  after 
suitable  agitation  and  delay.    The  contents  of  the  flask  were  easily 
mixed  by  removing  it  from  the  ice-bath  and  giving  it  a  rotary 
motion.    As  already  suggested,  the  ice-bath  was  provided  with  an 
essentially  isotonic  solution  by  stirring  in  dilute  salt  solution  untfl 
an  auxiliary  thermometer  indicated  about  the  same  depression  in 
the  outside  bath  as  that  exhibited  by  the  Accurate  thermometer 
within  the  flask.    Constancy  was  usually  reached  within  five  or 
six  minutes  from  the  introduction  of  the  dissolved  substance. 
The  successive  change  in  concentration  might  be  most  conveniently 
effected  by  adding  successive  portions  of  the  solution,  having  the 
same,  volumes  as  that  previously  removed  by  the  pipette.    If  the 
solution  were  cooled  before  its  introduction, theamountoficewould 
remain  nearly  constant,  although  hardly  constant  enough  to  dis- 
pense with  the  analysis  of  the  solution. 


FREEZING-POINTS  OP  DILUTE  SOLUTIONS. 


295 


The  thermoineter  used  in  these  experiments  was  one  of  the 
Beckmann  t3rpe,  made  by  F.  O.  R.  Gotze  in  1895,  divided  into 
hundredths  of  a  degree.  In  order  to  make  certain  of  the  value  of 
its  degree,  it  was  compared  with  thermometer  Baudin  15275, 
which  was  made  and  standardized  with  the  greatest  precision  by 
the  Bureau  International  des  Poids  et  Mesures  for  this  purpose.^ 
The  following  table  and  accompanying  diagram  gives  the  results 
of  this  comparison,  which  was  made  after  both  thermometers  had 
been  in  ice  for  a  long  time.  The  bath  in  which  they  were  com- 
pared consisted  of  properly  protected  and  stirred  ice  fragments 
inunersed  in  suitably  dilute  solutions  of  salt.  The  readings  were 
made  with  an  accurate  Geneva  microscope-micrometer. 


Beckmann 
Uiennometer. 


3.817" 
3.718" 
3.604* 
3.559" 
3.456^ 
3.100® 


Standard 

thermometer 

(corrected). 

+0.I07** 

4-0.104® 

-fo.004^ 

—0.1 10® 

—0.148® 

—0.257® 

-0.617® 


Correction  to  be  applied 
to  Beckmann. 
— O.OI®  «-  correction  -*•  +o.bi®. 


This  table  was  verified  by  measuring 
lengths  of  short  mercury  columns  in 
various  places,  a  process  which  indicated 
a  narrow  place  in  the  bore  between  3.60** 
and  3.50^;  but  nevertheless  this  question 
of  calibration  is  the  most  serious  dl£Bculty 
in  the  whole  matter.  Its  import  is  so  great  as  to  nu^e  the  present 
paper  a  preliminary  one  rather  than  a  final  statement  of  the  depres- 
sions corresponding  to  definite  solutions.  According  to  the 
method  described  there  is  no  difficulty  in  attaining  a  great  degree 
of  constancy  in  the  thermometer  readings ;  but  todeterminethetrue 
temperature  from  these  readings  is  a  far  more  difficult  problem. 
The  thermtaieter  bulb  was  not  allowed  to  become  warm  through- 
out the  series  of  experiments,  for  fear  of  changing  the  settled 
structure  of  the  cold  glass.  The  correction  for  the  projecting 
thread  of  the  therm<»neter  was  eliminated  by  the  constancy  of  the 
conditions. 

Potassium  chloride  was  chosen  as  the  substance  to  be  studied 
in  order  to  facilitate  comparison  with  the  work  of  other  experi- 

1  e^tProc  Am.  Aead.^  a8»  434  (190a). 
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menters,  who  have  nearly  always  used  it  as  one  of  their  substances. 
The  specimen  employed  was  precipitated  by  hydrochloric  add 
from  a  pure  solution,  and  thoroughly  dried.  The  amounts  present 
in  the  respective  solutions  were  determined  by  a  modified  form  of 
Vohard's  method,  titrating  the  excess  of  standard  silver  nitrate 
with  sulphocyanate,  after  filtering  off  the  precipitated  silver  chlo- 
ride, which  otherwise  disturbs  the  reaction  by  its  solubility.  The 
solutions  were  standardized  in  a  similar  way  with  pure  fused 
potassium  chloride.  Since  the  solutions  were  N/5,  and  the  instru- 
ments were  accurate,*  the  reading  for  the  silver  nitrate  divided  by 
100  gives  at  once  the  normality  of  the  freezing  solutions. 

Below  is  given  a  table  of  data  and  results  which  are  enough  to 
indicate  the  satisfactory  constancy  of  the  readings.  An  hour 
elapsed  between  the  first  and  third  experiments,  as  well  as  between 
the  eighth  and  tenth.  The  atmospheric  and  hydrostatic  pressure 
on  the  thermometer  bulb  were  essentially  constant. 


No.  of 
experi. 
tnent. 

Concentration 

of  solution 

(normal  standard). 

Observed 
depression. 

Corrected 
depression. 

MoUr 

I 

0.1256 

0.433''  ) 

2 

O.I 261 

0.433^  [ 

0.433° 

3.42 

3 

0.1258 
0.1258 

0.432**  ) 
0.433'' 

4 
5 

0.0944 
0.0944 

0.0944 

O.330O 
0.330*  j 

0.330* 

0.328' 

3.48 

6 

7 

0.0386 
0.0388 

0.0387 

0.136^  ) 
0.136*  j 

0.136* 

0.137** 

3.52 

8 

0.03 1 1 

O.II2«) 

9 

0.0309 

o.ni*>  y 

O.II2*» 

3.59 

10 

0.0307 

o.iiio) 

0.0309  0. 1 1 1  ® 

These  results  are  near  those  of  other  experimenters,  who  needed 
much  more  labor  than  that  expended  in  the  present  case.  For 
example,  Abegg  found,  for  the  concentrations  0.0469  and  o.0354f 
molecular  depressions  of  3.47  and  3.50  respectively,  results  but 
slightly  lower  than  those  g^ven  above. 

1  The  most  important  burette,  that  used  for  the  silver  nitrate,  was  unusnaUy  fine  in 
bore  and  in  graduation,  having  been  marked  only  after  careful  preliminary  caUbiatioa 
by  the  author. 
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While  the  study  of  a  single  electrolyte  furnishes  too  meager  a 
basis  for  extended  theoretical  conclusions,  especially  when  the 
possible  inaccuracy  of  the  thermometer  introduces  a  wide  range 
of  possible  error,  it  may  not  be  out  of  place  to  compare  these  molar 
depressions  with  those  calculated  from  the  conductivity.  In  order 
to  make  this  comparison,  it  would  be  necessary  to  know  the  aver- 
age molar  depression  caused  by  a  non-electrolyte  with  an  equal 
degree  of  accuracy.  For  the  present  the  value,  186"  taken  from 
the  average  of  many  previous  investigations,  is  sufficiently  accu- 
rate. On  this  basis  the  degrees  of  dissociation  of  the  four  solu- 
tions whose  depressions  are  recorded  above  are  easily  calculated  as 
0.84,  0.87,  0.89,  and  0.93  respectively. 

The  most  accurate  data  concerning  the  electrolytic  conductivity 
of  aqueous  solutions  are  perhaps  those  of  Kohlrausch  and  Maltby,^ 
but  unfortunately  these  do  not  apply  in  the  present  case,  since  the 
temperature  used  was  i8°,  not  o®.  Next  to  these  comes  the  work 
of  Whetham,*  who  worked  with  very  great  care  at  the  required 
temperature.  He  found  the  equivalent  conductivity  of  potassium 
chloride  to  be  75.2  when  diluted  to  33  liters  per  mol,  and  to  attain 
a  maximum  of  80.7  when  diluted  to  2000  liters.  This  leads  to  the 
value  0.93  for  the  degree  of  dissociation  of  the  former  solution,  a 
solution  which  corresponds  exactly  to  the  last  one  named  in 
the  preceding  paragraph. 

The  agreement  between  these  two  results  (0.93  according  to 
both  the  depression  of  the  freezing-point  and  the  electrical  conduc- 
tivity) is  closer  than  would  be  expected  from  the  possible  errors 
of  the  results  compared.  So  far  as  it  goes,  therefore,  it  is  satis- 
factory to  the  adherent  of  the  modem  theory  of  solution ;  but  many 
more  comparable  results  with  other  substances  should  be  obtained 
before  the  subject  is  allowed  to  drop. 

The  constancy  of  the  thermometric  readings  obtained  in  this 
way  from  mixtures  of  ice  with  dilute  solutions  suggests  the  avail- 
ability of  such  mixtures,  as  a  means  of  calibrating  thermometers 
below  the  freezing-point.  If  an  accurate  curve  were  plotted, 
comparing  the  normality  of  the  solution  with  the  actual  depression 
of  the  freezing-point,  all  that  would  be  necessary  in  order  to  deter- 
mine the  error  of  a  given  point  in  a  thermometer  would  be  to  place 

>  ITtss.  Abk,  pkys,  teek,  RachsanxtaU,  a.  157  (1900). 

*  ZUckr.  pl^s,  Ckem.^  33,  344  (1900).  The  work  of  D^guisne  at  3°  indicates  essentially 
tlte  wkvut  Talne  as  that  of  Whetham.  (Inaug.  Diss.,  Strassburg,  1895.)  Unfortunately  D^- 
tvltiie  bas  not  presented  h(s  data,  but  has  concealed  them  in  quadratic  equations. 
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it  in  pure  ice  and  then  to  stir  into  the  ice  an  increasing  amount  of 
the  standard  solute  until  the  desired  point  on  the  thermometer  was 
reached  and  maintained.  An  analysis  of  the  commingled  solutioa, 
with  the  help  of  the  curve,  would  then  at  once  give  the  temper- 
ature which  the  thermometer  ought  to  have  recorded,  and  hence 
the  error  of  the  given  point  on  the  thermometer.  Hydrochloric 
acid  would  perhaps  be  the  best  substance  for  this  purpose,  since  it 
is  easily  prepared  in  a  pure  state  and  may  be  determined  volu- 
metrically  in  a  variety  of  ways. 

Such  a  means  of  calibrating  thermometers  would  be  theoretic- 
ally as  exact  as  any  other,  for  according  to  the  phase  rule,  with 
two  components,  four  conditions  must  be  fixed  in  order  to  fix  a 
point.  In  the  present  case,  the  four  conditions  would  be  two 
phases,  pressure,  and  the  concentration  of  the  dissolved  substance. 
The  experience  gained  in  the  trials  recorded  above  seems  to  indi- 
cate that  this  metnod  is  practically  feasible  as  well  as  theoretically 
sound,  and  in  the  near  future  more  accurate  data  concerning  the 
true  course  of  some  such  curve  will  be  obtained  here. 

Besides  this,  it  is  my  object  to  study  with  the  help  of  the  new 
method  a  number  of  electrolytes  and  non-electrolytes  with  all 
possible  accuracy,  using  a  platiniun  resistance  thermometer. 

SUMMARY. 

It  is  pointed  out  that  in  the  presence  of  much  ice  the  equilibrium 
concerned  in  the  freezing-point  of  solutions  is  obtained  with  great 
speed  and  convenience.  Several  forms  of  apparatus  are  suggested 
for  this  determination,  and  results  are  given,  showing  that  the 
plan  is  capable  of  practical  execution.  The  exactness  seems  to  be 
so  g^eat  that  the  method  may  be  of  use  in  standardizing  ther- 
mometers. The  few  data  found  are  consistent  with  the  hypothesis 
of  ionization. 


[Contribution  prom  thb  John  Harrison  LtAboratory  op  Chemistry, 

No.  68.] 
DERIVATIVES  OF  NEW  COHPLEX  INORGANIC  ACIDS.* 

By  Allbn  RooBftS. 
Rece{y«d  Jsnuary  •*  1903. 

The  splendid  research  work  upon  complex  inorganic  acids,  by 
Dr.  Wolcott  Gibbs,  has  brought  to  view  numerous  classes  of  most 

1  Prom  the  ftnthor's  thesis  for  the  Fh.D.  degree  i»resented  in  June,  X90a. 
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interesting  bodies.  So  full  of  interest  have  they  been  that  other 
students  have  ventured  to  enter  the  field  and,  as  mightbeexpected, 
have  extended  the  limits  of  our  knowledge  in  this  particular  do- 
main of  chemical  science.  Yet,  the  end  seems  not  reached,  for  a 
glance  at  the  ammonium  vanadico-phospho-tungstate  described  by 
Smith  and  Exner^  discloses  again  a  new  class  or  series  of  complex 
inorganic  adds,  in  which  there  exists  a  triple  complex  acid.  Wol- 
cott  Gibbs  described  somewhat  similarbodiesinwhich,however,the 
vanadium  oxide  present  was  the  dioxide  and  not  the  trioxide  as  is 
the  case  with  the  compound  isolated  by  Smith  and  Exner.  To 
reproduce  the  body  obtained  by  these  chemists  and  gain  further 
insight  into  its  constitution  and  deportment  was  the  primary  pur- 
pose of  the  present  investigation  which  has  res^ulted  in  the  dis- 
covery of  a  ntunber  of  analogous  derivatives,  a  description  of 
which  will  now  be  given. 

AMMONIUM  PHOSPHO-VANADIO-TUNGSTATE, 

i3(NHJ,0.2P,0..8V,05.34WO,  +  86H,0. 

Preparation. — In  the  preparation  of  this  salt  various  amounts 
of  ammonitun  phosphate,  ammonium  vanadate,  and  ammonium 
tungstate  were  boiled  together  for  six  hours.  The  solution,  after 
filtration,  was  eVaporated  and  allowed  to  crystallize.  The  crystals 
formed  in  every  case  were  identical  in  physical  appearance  and,  as 
will  be  seen  later,  had  the  same  chemical  composition. 

The  best  results  were  obtained  when  i  gram  of  ammonium 
phosphate,  15  grams  of  ammonium  tungstate,  3  grams  of  ammo- 
nium vanadate,  20  cc.  of  anmionium  hydroxide,  and  700CC.  of  water 
were  brought  together,  in  a  liter  flask,  and  boiled  for  six  hours. 
At  first  the  solution  was  colorless,  but  soon  changed  to  yellow  and 
then  to  red.  At  this  point  the  ammonium  tungstate  dissolved  very 
rapidly,  and  the  solution  became  much  darker  in  color.  The  slight 
residue  was  filtered  ofiF,  and  the  filtrate  evaporated  to  a  specific 
gravity  of  1.115.  On  standing  over  night,  the  salt  separated. 
The  mother-liquor  was  again  evaporated,  and  a  second  crop  of 
crystals  was  ol^tained. 

Properties. — ^The  product  of  the  above  procedure  gave  dark  red- 
colored  crystals,  which  were  octahedra  and  cubes  in  form ;  very 
soluble  in  cold  and  hot  water ;  insoluble  in  alcohol,  ether,  carbon 
disulphide,  benzene^  and  nitrobenzene.    No  change  was  produced 

*  This  Journal,  94, 573. 
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when  the  crystals,  reduced  to  a  fine  powder,  were  treated  witfi 
dilute  nitric  or  hydrochloric  acid.  Strong  hydrochloric  acid  gave 
a  yellow  precipitate,  with  the  evolution  of  chlorine,  on  boiling. 
Strong  nitric  acid  produced  a  yellow  precipitate,  which  dissolved 
on  the  addition  of  water.  With  ammonium  hydroxide,  there  was 
no  change.  Caustic  potash  or  soda  gave  a  yellow  precipitate, 
which  dissolved  on  boiling,  with  the  evolution  of  ammonia.  Mer- 
curous  nitrate  formed  a  yellow  precipitate,  which  turned  red  when 
dry;  insoluble  in  boiling  water  or  an  excess  of  the  reagent;  bat 
rendered  soluble  by  a  few  drops  of  nitric  acid.  This  precipitate 
was  found  to  be  the  mercury  salt  of  phospho-vanadio-tungsticacid, 
and  from  it  the  acid  was  prepared.  A  discussion  of  this  acid,  and 
its  salts  with  the  heavy  metals,  is  not  within  the  scope  of  this 
paper.  It  may  not,  however,  be  out  of  place  to  give  some  of  the 
principal  points  at  this  time.  Starting  with  ammonium  phospho- 
vanadio-tungstate,  the  silver  or  mercury  (better  silver)  salt  was 
precipitated.  This  precipitate  was  washed,  and  dried ;  or,  in  most 
cases,  was  placed  in  a  flask  with  a  few  drops  of  nitric  acid  and 
brought  to  boiling.  When  the  solution  was  complete,  it  was 
filtered  and  evaporated  to  a  small  volume,  and,  on  stand- 
ing over  night,  crystals  of  silver  phospho-vanadio-tung- 
state  were  deposited.  These  crystals  were  removed  and  dis- 
solved in  water,  and  to  the  solution  hydrochloric  acid  was  added, 
a  few  drops  at  a  time,  until  all  of  the  silver  was  precipitated.  The 
silver  chloride  was  filtered  off  and  the  filtrate  evaporated  on  the 
water-bath  to  a  small  volume.  From  this  solution  the  acid  was 
deposited  in  dark  red,  octahedral  crystals.  A  solution  of  this  acid 
gave  the  same  reaction  with  the  heavy  metals  as  those  produced  by 
the  ammonium  salt.  With  ammonium  phospho-vanadio-tungstate, 
and  also  with  phospho-vanadio-tungstic  acid  the  precipitates 
formed  were  found  to  be  due  to  the  deposition  of  metallic  deriva- 
tives of  the  above-mentioned  acid. 

To  come  back  to  the  ammonium  salt  again :  It  was  found  that 
copper  nitrate  produced  no  change  in  the  solution;  but  when 
ammoniacal  copper  nitrate  was  added,  a  red  precipitate  was 
formed,  insoluble  in  boiling  water,  but  dissolving  very  readily 
when  a  few  drops  of  nitric  acid  were  added.  Ammoniacal  cad- 
mium chloride  gave  an  orange-colored  precipitate,  slightly  soluble 
in  boiling  water ;  but  very  soluble  in  nitric  acid.  Stannous  chlo- 
ride gave  a  gray  precipitate,  rapidly  taking  on  a  blue  tint.    Am- 
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moniacal  cobalt  nitrate  produced  a  greenish  gray  precipitate, 
which  turned  red  when  dried.  Zinc  acetate  gave  a  yellow  pre- 
cipitate quite  soluble  in  boiling  water.  Barium  chloride, 
in  an  ammoniacal  solution,  gave  a  light  yellow  precipitate,  which 
remained  insoluble  on  boiling,  but  dissolved  readily  when  a  little 
nitric  acid  was  added. 

Method  of  Analysis. — The  methods  proposed  by  Gibbs^  and 
Friedheim*  could  not  be  used  in  the  analysis  of  the  black  crystals 
obtained  by  Smith  and  Exner ;  neither  were  they  applicable  to  this 
salt.  After  trying  various  means  the  following  was  found  to 
give  very  satisfactory  results : 

The  air-dried  salt  was  reduced  to  a  fine  powder,  and  a  known 
quantity  introduced  into  a  taffed  crucible.  It  was  heated  gently 
at  first,  then  the  temperature  was  increased,  and  continued  until 
constant  weight  was  obtained.  The  loss  represented  the  water 
and  ammonium  oxide.  The  residue  was  boiled  with  dilute  nitric 
acid  in  which  the  vanadium  pentoxide  and  phosphorus  pentoxide 
dissolved,  leaving  the  tungsten  trioxide  insoluble.  After  standing 
several  hours,  the  precipitate  was  filtered  off.  It  was  washed  with 
a  little  water  containing  nitric  acid,  dried,  ignited,  and  weighed  as 
tungsten  trioxide.  The  tungsten  trioxide  nearly  always  held 
some  vanadium  pentoxide  which  was  removed  by  gently  heating 
in  a  current  of  hydrochloric  acid  gas.  The  filtrate  from  the 
tungsten  trioxide  was  evaporated  to  dryness  in  a  weighed  porce- 
lain crucible  on  the  water-bath,  and  then  gently  heated  over  the 
flame.  The  mass  fused.  In  this  way  the  combined  weight  of 
the  phosphorus  pentoxide  and  vanadium  pentoxide  was  deter- 
mined. The  fusion  was  taken  up  with  water  containing  a  little 
nitric  acid,  in  which  it  dissolved  readily  on  warming.  The  phos- 
phorus pentoxide  was  thrown  out  with  a  magnesia  mixture.  The 
ammonium  magnesium  phosphate  was  dissolved  in  dilute  nitric 
acid,  and  reprecipitated  by  addition  of  ammonium  hydroxide, 
when  it  came  down  free  from  vanadium.  The  vanadium  pentox- 
ide was  then  determined  by  difference.  To  make  sure,  however, 
that  the  difference  was  vanadium  pentoxide,  in  a  number  of  cases, 
vanadium  was  thrown  out  from  the  filtrate,  with  concentrated 
ammonium  chloride  and  alcohol.  On  ignition  of  the  ammonium 
A'anadate  so  found  vanadium  pentoxide  was  produced,  which  in 

»  Am.  Chem.J.,  1,  217 ;  a.  217. 581 ;  3.  119 ;  4,  377 :  5>  39« :  7»  313*  392- 
*  Btr.  d.  ckem.  Ges.^  (1890),  pp.  353,  1503,  1530,  a6oo. 
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each  case  corresponded  to  the  amount  obtained  by  difference.  The 
ammonium  oxide  Was  ascertained  by  boiling  a  new  portion  of  the 
salt  with  caustic  potash,  the  liberated  ammonia  being  collected 
in  a  standard  solution  of  hydrochloric  acid,  and  the  excess  titrated 
with  ammonium  hydroxide.  The  ammonium  oxide  found  by  this 
means  was  subtracted  from  the  ammonium  oxide  and  the  water 
determined  by  ignition.  The  difference  gave  the  true  water 
content. 

Result  of  Analysis. — ^The  percentages  as  given  below  are  for 
salts  prepared  from  eight  different  combinations.  It  shows, 
therefore,  that  the  same  compound  was  always  produced. 

Pound. 
Theory. ■  ' 

(NH^),©....  5.71  5.72  5.77  5-77  5.57  5.87  5.59  5-59  5.«9 

PjOft 2.39  2.32  2.60  2.60  2.43  2.52  2.33  2.51  2.25 

VjOj 12.28  12.09  12.25  11.91  12.50  12.23  12.03  "-^  "-^ 

WO, 66.55  66.33  66.39  66.32  66.35  66.44  66.41  66.39  66.35 

H,0 13.07  13.17  12.78  13.16  13.09  12.97  13.63  13.77  12.84 

100.00    99.63    99.89    99.76    99.94  100.03    99-99    99-94    99-40 

SILVER  PHOSPHO-VANADIO-TUNGSTATE, 

i3Ag,0.2P,0..8V,0..33WO.  +  4iH,0. 

When  silver  nitrate  is  added  to  a  solutionof  ammonium phospho- 
vanadio-tungstate  a  brick-red  precipitate  is  formed,  which  is  soluble 
to  some  extent  in  water,  and  is  completely  dissolved  by  water  to 
which-  a  few  drops  of  nitric  acid  are  added.  The  compound  is 
obtained  pure  by  washing  with  water  until  the  wash-water  gives 
no  test  for  nitric  acid.  The  following  method  of  analysis  may  be 
employed : 

Method  of  Analysis. — Have  the  precipitate  dried  at  70**  for  one 
hour  after  being  air-dried,  in  the  state  of  a  fine  powder,  and  heat 
a  weighed  amount  of  it  to  dull  redness ;  the  loss  will  give  the 
amount  of  water  of  crystallization.  Another  portion  is  dis- 
solved in  water  containing  a  few  drops  of  nitric  acid ;  then  hydro- 
chloric acid  is  added  to  remove  the  silver  as  silver  chloride.  The* 
filtrate  from  the  silver  chloride  is  evaporated  to  dr3mess  in  a 
weighed  crucible  with  a  little  nitric  acid,  and  the  weight,  after 
strongly  heating,  represents  the  combined  tungsten  trioxide, 
phosphorus  pentoxide  and  vanadium  pentoxide.  This  mass  is 
then  digested  with  dilute  nitric  acid,  and  the  tungsten  trioxide 
filtered  off  and  weighed;    as  this  trioxide  may  contain  a  little 
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vanadium  pentoxide,  it  is  always  necessary  to  heat  in  a  current  of 
hydrochloric  acid  to  remove  the  last  trace  of  vanadium.  The 
filtrate  from  the  tungsten  trioxide  is  treated  with  ammonium  hy- 
droxide to  alkaline  reaction,  and  the  magnesia  mixture  added 
to  throw  out  the  phosphoric  acid.  As  the  magnesium  ammonium 
phosphate  also  contains  some  vanadium,  it  is  necessary  to  dissolve 
it  and  reprecipitate.  The  amount  of  vanadium  pentoxide  is 
determined  by  difference,  i.  e,,  the  phosphorus  pentoxide  plus  the 
tungsten  trioxide,  subtracted  from  the  total  phosphorus  pentoxide^ 
vanadium  pentoxide,  and  tungsten  trioxide. 

Rbsults  op  Analysis. 

Pound. 
Theory.     ^  • * 

Ag,0 33.93  22.81  22.66  21.91  22.44  23.17  22.83  23.17 

P1O5 2.T5  2.z8  2.14  2.12  2.19  2.01  2.21  2.08 

VjOj 11.09  11.23  11.09  I3-3I  12.17  "-17  "-21  11.25 

WO, 58.22  58.01  58.  n  57.56  57.66  58.02  58.17  58.05 

H,0 5.61  5.59  5^  5.73  5.65  5.53  5.57  5.47 

100.00    99.82    99.51  100.63  100. 1 1    99.90    99.99    99.97 

In  this  case,  a  mean  of  the  results  is  taken  for  the  derivation  of 
the  formula  and  corresponds  very  closely  with  that  found  for  the 
ammonium  salt.  The  difference  of  i  molecule  of  tungsten  tri- 
oxide may  be  eliminated  if  a.  number  of  the  results  under  the 
analysis  of  the  ammonium  salt  had  been  chosen  for  the  calculation 
instead  of  a  mean  of  all  them. 

It  will  be  observed  that  red-colored  salts  were  obtained  by  the 
methods  pursued  in  the  preceding  paragraphs,  while  the  ammo- 
nium salt  described  by  Smith  and  Exner  had  a  deep  black  color. 
Later,  it  was  discovered  that  this  color  was  caused  by  the  reduc- 
tion of  the  vanadium  to  a  lower  oxide;  therefore,  the  following 
salt  was  prepared : 

AM MONIUM  PHOSPHO-VANADICO-TUNGSTATE, 

i5(NH,),0.2PaO,.6V,0,.44WO,  -|-  106H2O. 
Preparation. — ^The  salt  was  obtained  by  bringing  together  i 
gram  of  ammonium  phosphate,  15  grams  of  ammonium  tungstate, 
I.I  grams  of  vanadium  trioxide  (prepared  by  heating  1.6  gramsof 
ammonium  vanadate  with  strong  hydrochloric  acid,  and  evapo- 
rating to  dryness  on  a  water-bath),  25  cc.  of  ammonium  hydroxide 
with  700  cc.  of  water,  and  boiling  the  mixture  for  six  hours.    By 
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this  means  a  black-colored  solution  resulted,  which  was  evapo- 
rated to  a  specific  gravity  of  1.030  and  allowed  to  stand  over  nigfat 
in  a  cool  place.  The  crystals  obtained  had  a  deposit  of  ammoaium 
chloride  on  the  surface.  This  was  removed  by  washing  them 
with  a  little  cold  water,  and  the  product  was  finally  dried  on  filter- 
paper. 

Properties. — ^The  salt  as  prepared  in  the  above  manner  gave 
black  crystals  with  octahedral  and  cubic  habit,  the  octahedral 
b^ing  far  in  excess  and  truncated  by  the  faces  of  the  cubes.  The 
compound  was  soluble  in  water ;  insoluble  in  aladiol,  ether  or  ben- 
zene. Dilute  nitric  acid  produced  a  slight  change  in  color  on 
boiling.  The  same  thing  occurred  with  dilute  hydrochloric  acid. 
Strong  hydrochloric  acid  produced  a  yellow  precipitate,  but  with- 
out the  evolution  of  chlorine  on  boiling.  Concentrated  nitric  add 
gave  a  yellow  precipitate,  which  dissolved  on  adding  water.  Am- 
monium hydroxide  produced  no  change.  Potassium  hydroxide 
gave  a  yellow  precipitate,  which  partly  dissolved  on  bcnling,  at  the 
same  time  giving  off  ammonia,  while  a  black  residue  remained. 
Mercurous  nitrate  gave  a  yellow  precipitate,  which  remained  in- 
soluble on  boiling,  but  dissolved  on  adding  a  little  nitric  acid. 
Silver  nitrate  gave  a  greenish  black  precipitate.  Barium  chloride 
produced  a  gray  precipitate  which  dissolved  when  heated,  but 
separated  again  on  cooling.  The  composition  of  the  salt  was  very 
much  like  that  obtained  from  the  mother-liquor  of  ammonium 
paratungstate  by  Smith  and  Exner,  but  differed  from  it  in  some 
of  its  properties. 

Method  of  Analysis. — The  same  method  was  applied  as  for  the 
first  salt,  except  that  the  resulting  vanadium  pentoxide  was  calcu- 
lated into  vanadium  trioxide,  and  the  difference  added  to  the  per- 
centage of  water  of  crystallization. 

RBsni<T  OP  Analysis. 

Pound. 
Theory.  ^ 

(NH4),0 5.53  5.44  5.44        5-32  5.32  5.35 

P,0( 2.02  1.94  2.03         1.84  1.94  1.94 

V,0, 6.39  6.34  6.34        6.32  6.06  6.26 

WO, 72.50  72.34  72.23  72.55  72.99  72.52 

H,0 13.56  13.60  13.59  1343  ^3.69  13-55 

100.00      99.66      99.63      99.46    100.00      99.6a 
AMMONIUM   PHOSPHORICO-VANADIO-TUNCSTATE, 

It  was  thought  that  this  salt  would  result  when  anunonium 
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phosphite,  ammonium  tungstate  and  ammonium  vanadate  were 
brought  together.  Such,  however,  was  not  the  case.  The  com- 
pound produced  proved  to  be  ammonium  phospho*vanadico-tung- 
state.  This,  no  doubt,  was  due  to  the  reducing  action  of  phos- 
phorus trioxide  on  vanadium  pentoxide. 

AM MONIUM  PHOSPHORICO-VAN ADICO-TUNGSTATE, 

i4(NHJ,0.2P,0,.7V,0,.3iWOs  +  78H,0. 

Preparation. — ^The  next  thought  to  present  itself  for  considera- 
tion was 'to  see  if  a  salt  could  be  prepared  having  the  phosphorus 
and  vanadium  both  in  the  lower  state  of  oxidation.  To  accom- 
plish this,  1.5  g^ams  of  ammonium  phosphite,  i  gram  of  vanadium 
trioxide,  20  grams  of  ammonium  tungstate,  25  cc.  of  ammonium 
hydroxide,  and  700  cc.  of  water  were  brought  together.  After 
boiling  for  five  hours,  the  black-colored  solution  was  filtered,  and 
evaporated  to  about  one-fourth  of  its  original  volume. 

Properties, — ^The  resulting  black  octahedral  crystals  were  sol- 
uble in  water;  insoluble  in  alcohol,  ether,  carbon  disulphide,  and 
benzene.  The  action  of  dilute  or  strong  nitric  or  hydrochloric 
acid,  mercurous  nitrate,  or  even  silver  nitrate  was  the  same  as  in 
the  previous  salt.  Barium  chloride  produced  no  change  when  first 
added  to  the  solution ;  on  standing,  an  olive-green  precipitate  was 
formed. 

Method  of  Analysis. — ^The  same  method  was  used  as  in  former 
cases;  except  that  a  few  drops  of  nitric  acid  were  added  to  the 
mass  after  ignition.  The  excess  of  add  was  driven  off  by  warm- 
ing in  the  water-bath,  and  the  crucible  again  strongly  heated.  The 
resulting  vanadium  pentoxide  ^nd  phosphorus  pentoxide  were 
calculated  to  vanadium  trioxide  and  phosphorus  trioxide,  the 
difference  being  added  to  the  percentage  of  water. 

These  seem  to  be  all  of  the  possible  combinations  in  this  series ; 
that  is,  in  which  we  have  one  base  united  to  one  oxide  of  each  of 
the  three  acid-forming  elements. 

Rbsui^t  of  Analysis. 

Pound. 
Theory.      ^ • * 

(NHJjO 6.85  6.80  6.86  6.86  6.75  6.75 

P,Oj 2.07  2.03  2.02  1.94  2.11  2.00 

V,0, 9.89  10.08  10.21  10.06  9.91  9.38 

WO, 67.98  67.91  67.73  ^-77  68.11  68.02 

H,0 13.21  12.93  12.45  12.77  12.74  I3r74 

100.00      99.75      99.54      9940      99.62      99.89 
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It  has  been  demonstrated  that  phosphorus,  vanadium,  and  tung* 
sten  combine  to  form  a  series  of  complex  inorganic  acids.  These 
acids  have  also  been  shown  to  be  stable  bodies,  and  capable  of 
giving  3alts  with  many  basic  radicals.  The  reactions  obtained 
with  the  heavy  metals  show  a  difference  from  those  produced  by 
salts  of  any  of  the  individual  members.  The  OMiclusion  drawn 
from  these  reactions  and  the  constant  composition  given  by  anal- 
ysis is  that  the  compounds  under  consideration  are  definite  bodies, 
and  not  mixtures  of  phosphates,  vanadates,  and  tungstates. 

In  the  'same  group  with  phosphorus  is  arsenic.  This  element 
has  many  properties  in  common  with  phosphorus.  The  question 
arose :  Can  we  have  a  series  of  compounds  in  which  arsenic  takes 
the  place  of  the  phosphorus  ?  The  idea  appeared  to  be  plausiUe. 
Ammonium  arsenate  and  ammonium  arsenite  were,  therefore, 
substituted  for  the  corresponding  phosphorus  salt  and  the  follow- 
ing series  of  compounds  prepared : 

Ammonium  arseno-vanadio-tungstate. 

Ammonium  arseno-vanadico-tungstate,  and 

Ammonium  arsenico-vanadico-tungstate. 

AMMONIUM  ARSENO-VANADIO-TUNGSTATE, 

i8(NHJ,0.2As,05.i3V,0,.39WO,  +  88H,0. 

Preparation. — ^To  700  cc.  of  water,  made  alkaline  with  15  cc.  of 
ammonium  hydroxide,  i  gram  of  ammonium  arsenate,  15  grams 
of  ammonium  tungstate  and  i  gram  of  ammonium  vanadate  were 
added.  The  mixture  was  heated  to  boiling  and  maintained  at 
that  temperature  for  five  hours.  The  solution  was,  at  first,  color- 
less, but  soon  changed  to  yellow,  and  then  to  red,  but  the  red  was 
not  as  intense  as  in  the  case  of  the  phospho-salt.  The  filtered  so- 
lution was  evaporated  and  on  standing  over  night  the  salt  sepa- 
rated. 

Properties. — The  small  octahedral  crystals  which  were  formed 
above  were  soluble  in  water,  but  insoluble  in  organic  scdvents. 
Dilute  hydrochloric  acid  or  nitric  acid  was  without  action.  When 
boiled  with  strong  hydrochloric  acid,  chlorine  was  evolved,  and  a 
yellow  precipitate  produced;  on  further  boiling,  the  precipitate 
dissolved,  but  reappeared  when  the  solution  had  become  cold,  or 
on  the  addition  of  water.  Mercurous  nitrate  gave  a  yellow  pre- 
cipitate, which  remained  insoluble  on  boiling,  but  dissolved  when 
nitric  acid  was  added.    From  this  precipitate  it  seems  probable 
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that  the  add  can  be  obtained.  Silver  nitrate  gave  a  red  precipi- 
tatCy  soluble  in  boiling  water,  hastened  by  a  drop  or  two  of  nitric 
add.  Lead  acetate,  anunoniacal  copper  nitrate  or  other  salts  of 
the  heavy  metals  gave  predpitates,  which  resembled  those  obtained 
from  the  corresponding  phospho-compound.  As  far  as  studied, 
these  predpitates  were  derivatives  of  arseno-vanadio-tungstic  acid. 
A  more  complete  study,  however,  may  bring  out  many  intei^esting 
facts.  But  as  the  purpose  of  this  paper  is  to  point  to  the  different 
possibilities,  rather  than  to  go  too  much  into  detail,  we  will  leave 
the  thought,  and,  as  time  goes  on,  and  more  work  is  carried  out 
in  this  line  of  investigation,  let  us  hope  that  the  gaps  may  be 
filled,  and  that  the  completed  structure  may  have  its  proper  place 
in  the  g^eat  family  of  inorganic  compounds. 

Method  of  Analysis. — The  same  procedure  was  employed  as  for 
the  phospho-salts. 

Rbsult  of  Analysts. 

Found. 
Theory.      *  '  » 

(NH4),0 6.51  6.63  6.63  6.73  6.73  6.68 

Asfis 318  317  2.94  311  3"  hoS 

VjOj 16.39  16.80  16.75  16.23  16.36  16.51 

WO, 63.95  63.70  63.75  63.81  63.86  63.80 

H,0 10.97  10.54  10.51  10.83  10-58  io-6i 

100.00      99.84      99.58      99.70      99.54^     99.68  . 

AMMONIUM   ARSENO-VANADICO-TUNGSTATE, 

i7(NHJ,0.2As,05.i4>iV,0,.29WO,  +  98H,0. 

Preparation. — In  the  synthesis  of  this  body  i  gram  of  ammo- 
nium arsenate,  15  grams  of  ammonium  tungstate,  i  gram  of 
vanadium  trioxide,  25  cc.  of  ammonium  hydroxide  and  700  cc.  of 
water  were  boiled  for  five  hours.  The  filtered  solution  was  evapo- 
rated on  the  water-bath  to  about  one-half  of  the  original  volume. 
It  was  then  removed  to  a  cool  place  and  allowed  to  stand  over 
night.  The  crystals  were  usually  covered  with  a  deposit  of  am- 
monium chloride  which  was  removed  by  a  little  cold  water.  The 
crystals  from  the  mother-liquor  were  often  mixed  with  other  salts. 
In  order,  therefore,  to  get  concordant  results,  crystals  of  the  first 
crop  were  submitted  to  analysis. 

Properiies, — ^The  salt,  as  prepared  above,  consisted  of  black 
octahedral  forms,  sparingly  soluble  in  cold  water;  readily  soluble 
in  boiling  water;  insoluble  in  alcohol,  ether,  benzene,  carbon  di- 
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sulphide,  chloroform,  acetone,  acetic  anhydride,  nitrobenzene,  and 
aniline.  Dilute  nitric  acid  produced  a  change  in  color  from  black 
to  red.  Dilute  hydrochloric  acid  changed  the  color  likewise  when 
it  was  boiled  with  this  reagent.  Strong  nitric  acid  gave  a  yellow 
precipitate,  which  dissolved  on  the  addition  of  water.  Strong 
hydrochloric  acid  gave  a  yellow  precipitate.  Mercurous  nitrate 
produced  a  red  precipitate,  which  remained  insoluble  on  bcnling, 
but  dissolved  when  nitric  acid  was  added.  Silver  nitrate  gave  a 
dark  green  precipitate.  An  attempt  was  made  to  get  the  acid 
from  this  salt,  but  through  the  action  of  nitric  acid  an  oxidation 
took  place,  the  result  being  that  arseno-vanadio-tungstic  acid  was 
produced.  It  may  be  possible,  however,  to  liberate  arscno- 
vanadico-tungstic  acid  by  some  other  method,  and  from  the  acid  so 
obtained  many  new  ccxnpounds  would  result. 

Method  of  Analysis. — The  method  used  for  the  corresponding 
phospho-salt  was  employed  in  this  case. 

Result  of  Analysis. 

Pound. 
Theory. *  » 

(NHJjO 7-34  7.26  7.25  7.29  7.29 

ASjOj 3.82  3.77  3.80  3.77  3.62 

V,0,... 18.06  i8.li  18.06  17.33  18.17 

WO, 56. 1 2  56.04  55.99  56.04  56.07 

.H,0 14.66  14.41  14.46  14.35  M.40 

100.00  99.59  99.56         99.78  99.55 

AMMONIUM  ARSENICO-VANADIO-TUNGSTATE. 

By  analogy,  the  production  of  this  compound  was  looked  upon 
as  improbable.  A  mixture,  hojvever,  of  ammonium  arsenite,  am- 
monium vanadate  and  ammonium  tungstate  was  boiled  for  six 
hours.  The  solutioa  turned  dark  in  color,  and  finally  became 
black,  due  to  the  formation  of  ammonium  arseno-vanadico-tung- 
state.  It  may  be  possible,  however,  under  proper  conditions  to 
obtain  this  salt,  as  the  reduction  is  not  so  marked  as  in  the  case  of 
the  ammonium  phosphorico-vanadio-tungstate. 

AMMONIUM  ARSENICO-VANADICO-TUNGSTATE, 

i6(NHJ,0.sAs,03.i5V,0,.26WO,  +  loiH.O. 
Preparation. — In  the  production  of  this  compound  the  same  line 
of  thought  suggested  itself  as  in  cast  of  the  corresponding  phos- 
phorico-salt.     If  vanadium  could  unite  with  arsenic  as  arsenic 


NEW  COMPLEX  INORGANIC  ACIDS.  309 

pentoxide  in  two  ways,  it  seemed  probable  that  it  would  unite  with 
it  as  arsenic  trioxide.  A  number  of  different  combinations  were 
tried  to  determine  this,  but  on  boiling  together  i  gram  of  arsenic 
trioxide,  12  grams  of  ammonium  tungstate,  i  gram  of  vanadium 
trioxide,  50  cc.  of  ammonia  and  700  cc.  of  water,  the  best  results 
were  obtained.  After  boiling  for  five  hours,  the  solution  was 
evaporated  to  about  one-half  its  original  volume.  On  standing  in 
a  cool  place  for  twenty-four  hours  the  salt  separated. 

Properties. — Black  octahedral  crystals  sparingly  soluble  in  cold 
water,  which  dissolved  readily  when  boiled.  Dilute  nitric  acid 
produced  a  change  in  color.  Strong  hydrochloric  acid  gave  a 
yellow  precipitate.  Nitric  acid  gave  a  yellow  precipitate,  which 
remained  insoluble  on  boiling,  but  dissolved  when  water  was 
added.  Silver  nitrate  produced  a  greenish  black  precipitate,  which 
readily  dissolved  on  the  addition  of  a  little  nitric  acid.  Barium 
chloride  gave  a  gray  precipitate,  insoluble  on  boiling;  readily 
soluble  in  dilute  nitric  acid. 


Result  of  Analysis. 


Theory. 


Pound. 


(NH4)jO 6.96  7.02  7.02  7.02 

ASjO, 8.28  8.26  8.12  8.41 

V,0,  ••••'• 18.83  18.97  18.95  18.99 

WO, 5070  5069  50.57  50-71 

H,0 15.23  15.18  15.23  15.13 

100.00  100.12  99.89  100.26 

AM  MONIUM    PHOSPHO-VAN ADIO-VAN ADICO-TUNGSTATE, 

i4(NHJ.0.2PA.7VA-3VA.27WO,  +  66H,0. 
Preparation. — After  proving  that  compounds  could  exist  in 
which  the  phosphorus  and  vanadium  were  in  either  state  of  oxida- 
tion^ the  question  arose :  Can  a  compound  be  prepared  in  which 
the  same  element  is  present  in  both  conditions  ?  It  seemed  pos- 
sible, as  Gibbs  has  shown,  that  such  bodies  can  exist.  It  remained 
to  determine  if  the  presence  of  phosphorus  would  have  any  effect 
on  the  combination.  For  the  preparation  of  this  salt,  i  gram  of 
ammonium  phosphate,  i  gram  of  ammonium  vanadate,  i  gram  of 
vanadium  trioxide,  16  grams  of  ammonium  tungstate,  30  cc.  of 
ammonium  hydroxide,  and  700  cc.  of  water  were  used.  This 
mixture  was  boiled  for  j5ve  hours.  The  solution  was  then  ifiltered, 
and  the  greenish  black  liquid  was  evaporated  on  the  water-bath ; 
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when  reduced  to  about  one-half  of  the  original  volume  it  was  set 
aside  to  crystallize. 

Properties. — The  product  obtained  from  the  above  solutiofi 
gave  greenish  black  octahedral  crystals,  which  were  sparingly 
soluble  in  cold  water,  but  dissolved  on  boiling.  Dilute  nitric  add 
or  hydrochloric  acid  changed  the  color  to  red.  Strong 
hydrochloric  acid  decomposed  it,  with  the  evolution  of  chlo- 
rine. Strong  nitric  acid  gave  off  fumes  of  nitrogen  peroxide, 
while  a  green  precipitate  was  produced,  which  dissolved  on  addi- 
tion of  water.  Mercurous  nitrate  gave  a  yellow  precipitate, 
which  remained  insoluble  on  boiling;  but  dissolved  when  nitric 
acid  was  added.  Barium  chloride  produced  a  greenish  gray  pre- 
cipitate, which  dissolved  on  boiling,  but  reappeared  when  cooled. 

Method  of  Analysis. — ^The  procedure  was,  for  the  most  part,  the 
same  as  in  former  cases.  The  total  vanadium  was  determined  as 
vanadium  pentoxide.  A  separate  portion  was  boiled  with  hydro- 
chloric acid,  when  vanadium  pentoxide  was  reduced  to  vanadium 
dioxide,  with  the  elimination  of  chlorine.  The  evolved  gas  was 
conducted  into  a  solution  of  potassium  iodide,  and  the  liberated 
iodine  titrated  with  standard  sodium  thiosulphate. 

I2  ••  VjO^ : :  Amt.  of  Na^SjO,  X  Strength  :  x. 

The  true  amount  of  vanadium  pentoxide  was  thus  ascertained. 
This  result  subtracted  from  the  total  vanadium  gave  the  vanadium 
pentoxide  from  which  the  vanadium  trioxide  was  calculated. 
Rbsult  of  Analysis. 

Pound. 
Theory.  #  ■  » 

(NHJ,0 7.X4  7.34  7.23  7.23 

PjOj a.78  a.66  '  a.74  a.57 

V,Oft 12.50  12.62  12.68  12.68 

v,0| 4.4^  4.33  4.36  4.17 

WO, 61.48  61.28  61.40  61.15 

H,0 11.69  ii.^A  it-55  ii-8o 

100.00  99*87  99-9^  99-^ 

AMMONIUM  ARSENO-VANADO-VANADICO-TUNGSTAT£, 

i7(NH,),0.2As,0,.7VA.4VA.32WO,  +  73H,0. 

Preparation. — From  the  readiness  with  which  arsenic  entered 

into  combination  in  the  salts  already  studied,  it  seemed  likely  that 

a  body  related  to  the  one  just  described  could  be  prepared  by 

introducing  arsenic  pentoxide  in  place  of  phosph(mis  pentoxide. 
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This  was  accomplished  by  using  i  gram  of  ammonium  arsenate,  i 
gram  of  ammonium  vanadate,  i  gram  of  vanadium  trioxide,  i6 
grams  of  ammonium  tungstate,  30  cc.  of  ammonium  hydroxide, 
and  700  cc.  of  water. 

The  boiling  was  continued  for  four  hours.  The  solution,  whick 
was  greenish  black  in  color,  was  evapora^ted  on  the  water-bath 
until  it  had  reached  about  oiie-half  its  original  volume.  It  was 
then  filtered  while  hot ;  and  being  placed  in  a  crystallization  dish, 
was  set  aside  to  coed.  In  most  cases,  at  the  end  of  ^enty-four 
hours  the  salt  had  separated.  The  mother-liquor  was  again 
evaporated  and  a  second  crop  of  crystals  was  obtained.  The  yield 
of  salt  was  much  larger  in  these  vanadio-vanadico-compounds  than 
in  the  vanadico  salt. 

Properties. — ^The  body  produced  in  this  case  gave  crystals 
which  were  black  in  color,  and  belonged  to  the  same  class  as  in 
former  cases.  The  deposit  of  ammonium  chloride  was  removed 
by  washing  with  cold  water.  The  solubility  was  the.  same  as 
usual.  Dilute  nitric  or  hydrochloric  acid  changed  the  color  of  the 
solution  from  black  to  light  red.  Strong  hydrochloric  acid  decom- 
posed the  salt,  giving  off  chlorine,  and  producing  a  bright  yellow 
precipitate  of  the  hydrated  oxide.  Nitric  acid  gave  an  orange- 
adored  precipitate,  soluble  on  the  addition  of  water.  Mercurous 
nitrate,  and  barium  chloride  gave  olive-green  colored  precipitates 
insoluble  in  boiling  water,  but  soluble  on  the  addition  of  a  few 
drops  of  nitric  add. 

RBSULT  of  ANAI.YSIS. 

Poond. 
Theory.  ^  * 

(NH4),0 7.41  7.42  7.42  7.42 

A«,0, 3S4  3.71  3.79  3.63 

V,0, Z0.65  10.36  10.26  io.a6 

V,Oi S.02  5.26  5.32  5.27 

"WO, 62.09  ^^'^^  ^2-^  ^2*^ 

H,0---* T0.99  10.94  10.95  10. '5 

100,00  99.81  99.78  99.73 

It  was  impossible  to  intnxluce  phosphorus  or  arsenic  in  two 
conditions,  at  the  same  time  having  vanadium  present  as  vanadium 
pentpxide,  the  reason  for  this  being  that  a  reduction  of  the 
vanadium  pentoxide  took  place.  At  the  same  time  the  phosphorus 
or  arsenic  was  oxidized  to  the  higher  condition.  Were  it  not  for 
the  strong  reducing  action  of  arsenic  trioxide  and  phosphorus 
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trioxide  we  could  expect  to  obtain  six  new  salts  in  the  above 
manner.    As  a  matter  of  fact,  it  was  only  possible  to  get  two. 

AM MONIUM    PHOSPHO-ARSENO-VAN ADIO-TUNGSTATE, 

82(NHJ,0.i2P,0,.3As,0,.52VA-20iWO,  +  567H.O. 

Preparation, — ^After  having  obtained  salts,  in  which  the  vana- 
dium was  present  in  two  states  of  oxidation,  the  question  arose: 
Is  it  possible  to  have  phosphorus  and  arsenic  together  with  the 
vanadivun?  It  remained  to  ascertain  if  the  arsenic  and  phos- 
phorus would  unite,  or  if  the  phosphorus  would  produce  one  body, 
and  the  arsenic  another.  This  could  only  be  determined  by  anal- 
ysis of  the  first  and  second  crop  of  crystals. 

In  the  preparation  of  the  salt,  i  gram  of  ammonium  phosphate, 
I  gram  of  ammonium  arsenate,  2  grams  of  ammonium  vanadate, 
16  grams  of  ammonium  tungstate,  20  cc.  of  ammonium  hydroxide, 
and  700  cc.  of  water  were  boiled  for  six  hours.  The  solution, 
which  had  taken  on  a  deep  red  color,  was  filtered  while  hot.  It 
was  then  evaporated  to  one-fourth  of  its  original  volume,  and  on 
standing  over  night,  the  salt  was  deposited.  A  second  crop  of 
crystals  was  obtained  from  the  mother-liquor.  These  were  placed 
in  a  separate  bottle,  for  the  reason  given  above. 

Properties. — The  salt  so  prepared  consisted  of  dark  red  crystals 
which  were  octahedral  in  form,  very  soluble  in  warm  water,  but 
insoluble  in  organic  solvents.  Dilute  nitric  or  hydrochloric  add 
was  without  action.  Strong  hydrochloric  acid  produced  a  yellow 
precipitate  with  the  evolution  of  chlorine.  Strong  nitric  acid  gave 
a  precipitate,  soluble  on  the  addition  of  water.  Mercurous  nitrate 
gave  an  orange-colored  precipitate,  insoluble  on  boiling,  but 
rendered  soluble  by  the  addition  of  a  few  drops  of  nitric  acid. 
Barium  chloride  produced  no  change  in  the  cold,  but  on  warming, 
a  light  yellow  precipitate  came  down. 

Method  of  Analysis. — ^The  salt  was  treated  as  in  former  cases, 
except  that  the  magnesium  pyrophosphate  and  magnesium  pyro- 
arsenate,  after  weighing,  were  dissolved  in  hydrochloric  acid  and 
hydrogen  sulphide  passed  through  the  solution  to  throw  out  the 
arsenic.  Thus  phosphorus  pentoxide  was  determined  by  throwing 
out  the  magnesium  pyrophosphate  again,  giving  the  arsenic  and 
phosphorus  either  direct  or  by  difference. 
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Result  of  Analysis. 

Ponnd. 
Theory.  .  ^        «^ 

(NHJ,0 5.82  5.81  5.79  5.79  5.84 

PjOj 2.32  2.24  2.26  2.22  .... 

AbjOs 0.98  0.98  i.oo  0.81  .... 

VjOj 12.95  13.07  13.05  13.09 

WO, 63.98  63.85  63.86  63.67  63.91 

H,0 13.95  13.87  13.88  13.85 

100.00         99.82  99.84         99.35 

AMMONIUM  PHOSPHO-ARSENO-VANADICO-TUNGSTATE, 

88(NH,),0.  i2PA.2As,0,.69VA-  148WO,  +  484H,0. 
Preparation, — Having  made  the  combination  of  phosphorus 
pientoxide,  arsenic  pentoxide,  and  vanadium  pentoxide,  the  next 
step  was  to  introduce  the  vanadium  as  the  trioxide.  For  this 
purpose  I  gram  of  ammonium  phosphate,  i  gram  of  ammonium 
arsenate,  2  grams  of  vanadium  trioxide,  16  grams  of  ammonium 
tungstate,  30  cc.  of  ammonium  hydroxide  and  700  cc.  of  water 
were  boiled  for  four  hours.  The  greenish  black  solution  was 
filter.ed  while  hot.  It  was  then  evaporated  to  about  one-half  of 
its  original  volume,  and  on  standing  over  night,  in  a  cool  place, 
the  salt  separated.  The  second  crop  of  crystals  was  contaminated 
with  impurities,  and  could  not  be  used  for  analysis. 
.  Properties. — Greenish  black,  octahedral  crystals,  soluble  in 
water,  insoluble  in  alcohol  or  ether.  Dilute  nitric  or  hydrochloric 
acid  was  without  action.  Strong  hydrochloric  acid  gave  a  red 
solution,  with  only  a  slight  cloudiness  being  formed ;  on  addition 
of  water  a  heavy  yellow  precipitate  came  down.  The  precipitate 
produced  by  nitric  acid  dissolved  on  the  addition  of  water.  Mer- 
curous  nitrate  and  barium  chloride  produced  yellow  precipitates, 
which  remained  insoluble  on  boiling,  but  dissolved  when  a  little 
nitric  acid  was  added. 

RBStTLT  OP  Analysis. 

Pound. 
Theory,  # ^ 

(NH,),0 7.59  7.58  7.52  7.58 

PjOt 2.82  2.88  2.81  2.84 

ASfOs 0.76  0.76  0.73  0.66 

V,0, 17.16  17-09  17.11  17.17 

WO, 5720  57.11  57.15  56.89 

H,0^ 14.47  14-38  14.36  14.24 

100.00  99.80  99.68  99.38 
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AM MONIUM  PHOSPHO-ARSENO-VANADIO-VAN ADICO-TUNGSTATE, 

99(NH,),0.i2PA  2As,04.66VA-6VAi9iWO,  +  S^^KJO. 

Preparation. — From  the  previous  salts  produced,  it  seemed 
possible  to  introduce  vanadium  in  two  conditions  together  with 
the  phosphorus  and  arsenic. 

To  acoxnplish  this  i  gram  of  ammonium  phosphate,  i  gram  of 
ammonitun  arsenate,  i  gram  of  ammonium  vanadate,  i  gram  of 
vanadium  trioxide,  i6  grams  of  ammonium  tungstate,  20  cc  of 
ammonium  hydroxide,  and  700  cc.  of  water  were  boiled  together 
for  six  hours.  The  filtered  solution  was  evaporated,  and  allowed 
to  stand  over  night  to  crystallize. 

Properties. — ^The  yield  of  salt  was  small.  Black  octahedral 
crystals,  however;  separated.  On  evaporation  of  the  mother- 
liquor  the  crystals,  which  were  minute,  were  mixed  with  a  large 
amount  of  other  salts,  from  which  it  was  difficult  to  separate 
them. 

The  deposit  of  ammonitun  chloride,  as  well  as  other  impurities, 
were  removed  to  some  extent  by  washing  with  cold  water,  in 
which  the  crystals  themselves  were  not  very  soluble.  Strcmg  hy- 
drochloric acid  decomposed  the  salt,  liberating  chlorine  and  giving 
a  deposit  of  the  hydrated  oxide.  Strong  nitric  acid  gave  a  pre- 
cipitate, soluble  on  addition  of  water.  Many  of  the  heavy  metals 
produced  precipitates  that  remained  insoluble  on  boiling,  but  dis- 
solved on  addition  of  a  few  drops  of  nitric  acid. 

Rbsult  op  Analysis. 

Pound. 

Theory.  .  ■  -> 

(NH,),0 6.76  6.74  6.74  6.70 

PA a.ai  2.54  a.37  a-41  ' 

AijOft 0.6a  0.61  0.6a  0.65 

V,0| x6.a8  X6.18  i6.x8  16.32 

VA i.*2  1.43  i.ag  1.28 

WO, 60.06  59.79  59.81  59.79 

H,0 ia.85  ia.73  ia.46  ia.63 

100.00  ioo.oa  99*47  99-78 

There  now  remained  only  two  more  possibilities  in  these  combi- 
nations: 

Ammonium  pkospho-arsemco-vanadico-iungstate,  a$ui 

Ammonium  phosphorico-arsemcO'-vanadicO'tungstate, 

They  were  prepared,  but  the  crystals  obtained  were  not  wdl 


NOTES.  315 

defined,  being  also  mixed  with  many  impurities.  After  several 
attempts  to  get  them,  the  work  was  given  up.  It  seems  very 
probable,  however,  that  they  can  be  obtained  pure,  and  will  be  a 
subject  for  further  study. 

C0NCI«USI0N. 

The  formulas  as  given  above  cannot  be  looked  upon  as  being 
definite.  The  writer  is  well  aware  that  other  views  and  interpre- 
tations may  be  given  to  his  results,  but  as  even  these  cannot  be 
absolutely  demonstrated,  he  regards  the  written  formulas  as 
wholly  tentative.  They  will  receive  further  study.  They  may  be 
multiples  of  the  same,  or  perhaps  not  so  complicated  as  would 
appear.  As  there  is  no  method,  at  present,  to  determine  the 
molecular  magnitude  of  such  bodies,  the  only  recourse  was  the 
result  of  analysis.  It  will  be  readily  seen,  that  a  slight  error  in 
the  percentage  of  arsenic  or  phosphorus  would  alter  the  whole 
formula.  It  can  only  be  claimed  that  such  compounds  exist,  and 
tfiat  the  constitution  assigned  to  them  remains  open  to  correction. 

mnvntsmr  of  PBNNSTLVAjnA. 


N0TB5. 

Additional  Note  on  filtration  of  Crude  Fiber. — ^The  method  of 
filterii^  crude  fiber  described  by  Mr.  Thatcher  in  the  December 
Journal  is  one  which,  I  believe,  is  practiced  in  a  number  of  labora- 
tories in  this  country.  There  is,  however,  one  serious  objection 
to  this  process.  It  frequently  happens  that  it  is  desirable  to  make 
a  chemical  examination  of  the  crude  fiber  and  in  such  cases  the 
method  described  by  Mr.  Thatcher  would  not  answer  at  all,  owing 
to  the  contamination  of  the  material  with  asbestos. 

A  method  eliminating  all  these  difficulties  is  found  in  the  use  of 
a  Buchner  funnel,  using  well-fitting  filters  of  hardened  paper. 
These  filters  are  perfectly  resistant  to  the  boiling  acid  and  alkaline 
scdutioas.  In  the  Konig  method  it  is  advisable  to  dilute  the  boil- 
ing glycerol-ftulphuric  add  with  an  equal  volume  of  hot  water 
before  filtering.  Using  suction,  the  filtration  is  very  rapid,  owing 
to  the  large  surface  exposed.  After  washing  the  fiber  with  hot 
water,  it  is  treated  with  a  little  alcohol  and,  after  sucking  as  dry 
as  possible,  scraped  or  brushed  from  the  paper  into  a  weighing- 
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bottle,  where  it  is  dried  and  weighed.  The  fiber  obtained  in  this 
way  is  in  excellent  condition  for  further  examination  (micro- 
scopic, ash,  pentosans,  cellulose,  etc.).  There  is  no  danger  of 
contamination  with  fiber  from  the  hardened  filters ;  in  fact  the 
latter  may  be  re-used  many  times.  C.  A.  Browne,  Jr. 
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NOTIQXfS  FONDAMKNTALES  DE  CHEMIE  ORGANIQUE.      PAR  CH.  HOUREAr, 

Professor  agr^g^  a  T^cole  superieure  de  Pharmacie  de  rUniveisit^  de 
Paris.    Paris:  Gauthier-Villars.     1902.    286pp. 

This  book  may  be  useful  under  French  conditions  as  a  syllabus 
or  memorandum  in  connection  with  a  course  of  lectures  on  theo- 
retical organic  chemistry  to  mature  students,  but  it  is  difficult  to 
see  in  what  way  it  can  serve  American  teachers  or  American 
elementary  students. 

The  book  is  clearly  written  but  has  grave  faults  in  the  selection 
and  arrangement  of  material  for  a  book  intended  for  banners. 
Its  preface  indicates  that  it  is  an  introduction  to  organic  chem- 
istry. But  elementary  students  could  hardly  avoid  being  over- 
whelmed by  the  first  60  pages  which  are  devoted  to  an  outline  of 
theory  which  includes  atohis,  molecules,  isomerism,  valence, 
radicals,  bonding,  saturation  and  unsaturation,  homology,  nomen' 
clature  and  the  stereochemistry  of  carbon,  nitrc^en,  and  sulphur; 
and  all  this  before  a  substance  is  described  or  its  mode  of  occur- 
rence or  preparation  are  indicated.  In  a  book  of  reference  and  if 
accompanied  by  original  references,  this  outline  would  be  ad- 
mirable but  in  this  place  it  seems  excessive. 

In  the  body  of  the  book,  substances  are  treated  together  which 
contain  the  same  substituted  radical,  which  have  the  same  kind  of 
functional  activity.  The  treatment  is  clear  and  the  classification 
has  its  advantages  but  it  is  questionable  whether  in  an  elementary 
book  it  is  nut  better  to  take  up  first  methane  and  its  homologues 
and  their  derivatives,  each  class  of  which  is  made  up  of  members 
so  nearly  alike  that  a  full  study  of  one  is  a  nearly  complete  study 
of  all,  and  then  turn  to  the  other  hydrocarbons  to  study  them  and 
their  derivatives  by  illustration  and  in  the  mass. 

The  absence,  in  the  majority  of  cases,  of  any  statement  of  the 
sources  of  substances  which  are  found  in  nature  is  quite  noticeaUc 
especially  in  a  book  written  by  a  professor  in  a  school  of  phar* 


NEW  BOOKS.  317 

macy  and  so  also  is  the  absence  of  any  indications  of  the  industrial 
value  of  substances.  It  would  have  been  more  logical  either  to 
include  more  such  material  or  else  to  omit  the  small  amount  now 
included. 

It  is  perhaps  hardly  necessary  to  mention  that  the  book  has  no 
alphabetical  index,  a  time-saving  device  which  seems  to  be  appre- 
ciated by  very  few  French  writers.  H.  W.  Hiixyer. 

An  Introduction  to  Chemistry.  By  D.  S.  MacNair.  London  :  Geor^i^ 
Bell  &  Sons.  1903.  zii  +  187  pp. 
This  is  an  admirable  example  of  that  class  of  text-books  to 
which  Professor  Alexander  Smith  refers  in  his  "Teaching  of 
Chemistry  in  the  Secondary  School"  under  the  heading  of  "The 
Nature  Study  Method.'*  No  reference  is  made  to  the  atomic 
theory,  but  formulae  and  equations  are  freely  used,  being  treated 
"solely  as  a  short-hand  expression  of  the  proportions  by  weight 
in  which  the  elements  are  found  by  experiment  to  combine."  All 
but  a  few  of  the  experiments  (intended  to  be  performed  by  the 
teacher)  are  within  the  capabilities  of  boys  of  fourteen  or  iSfteen. 

A.  M.  Patterson. 

Chbmistry  by  Observation,  Experiment  and  Induction.    A  Labora- 
tory Manual  for  Students.    By  J.  I.  D.  Hinds,  Ph.D.,  Professor 
of  Chemistry  in  the  University  of  Nashville.      New  York  :    John  Wiley 
&  Sons.     1902.     i2nio.,  viii  +  192  pp.    Price,  75  cents. 
This  laboratory  manual  is  divided  into  four  parts :  In  the  first 
part,  consisting  of  25  pages,  there  is  a  description  of  the  commoner 
forms  of  laboratory  appliances  and  some  instruction  in  manipula- 
tion.   The  second  part,  9  pages,  contains  instructions  and  ques- 
tions on  specific  gravity,  electrolysis,  specific  heat  and  the  reduc- 
tion of  gas  volumes  to  normal  conditions.   The  third  part,  8  pages, 
entitled  "theoretical  chemistry"  deals  with  chemical  and  physical 
duuiges)  elements  and  compounds,  acids,  bases  and  salts.    The 
fourth  part,  144  pages,  is  devoted  to  descriptive  chemistry.    The 
dements  and  compounds  are  prepared  according  to  the  directions 
given  and  the  student's  attention  is  called  to  the  salient  properties 
of  the  substances  he  has  made  by  a  number  of  questions.    The 
bode  serves  also  as  a  laboratory  note-book,  as  sufficient  space  is 
left  in  the  text  for  the  written  answers  to  the  questions.     In  the 
opinion  of  the  reviewer  the  book  would  have  been  improved  by  the 
introduction  of  some  accurate  quantitative  experiments  illustra- 
ting some  of  the  general  laws  of  chemical  combination.    Also  an 
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elementary  exposition  of  the  theories  of  solution,  ionizadoo,  etc, 
would  not  have  been  out  of  place.  Edwabd  H.  Kbisbk. 

A  TXXT-BOOK  OF  QUAHTITATIVB  ChKMICAL  ANALYSIS.    BY  FKANK  JUZJAV. 

St.  Paul,  Minn.:    The  Ramsey  Publtahing  Co.      1902.    604  pp.    Price, 
|6.oo  net. 

''This  volume  is  intended  for  the  aid  of  students  who,  having  a 
fair  acquaintance  with  the  elements  of  general  chemistry,  can 
devote  a  limited  time  to  quantitative  analysis  concurrent  widi  or 
following  the  usual  qualitative  course ;  and  as  an  introductioo  to 
the  monographs  on  special  departments  of  technical  anal- 
ysis  " 

"In  Part  I,  after  outlining  the  general  principles  of  the  art, 
there  are  described  the  operations  of  solution,  predpitatioa,  etc, 
and  the  appliances  commonly  employed  for  the  purposes."  In 
Part  II  is  found  "a  graded  series  of  exercises  chosen  with  a  view 

to  illustrate  the  leading  principles  in  analysis "    In 

Part  III  technical  analysis  and  special  methods  are  considered. 
Part  IV  contains  ''Notes  on  the  Methods  of  Analysis/'  wtule  an 
appendix  offers  a  discussion  of  "certain  phases  of  the  important 
subject  of  the  practice  of  technical  and  industrial  analysis." 

This  brief  summary  may  serve,  perhaps,  to  give  an  idea  of  the 
scope  of  the  book.  It  seems  hardly  probable  that  it  will  be  ser- 
viceable to  students,  who  "can  devote  only  a  limited  time  to  quan- 
titative analysis,"  nor  to  "those  who  are  content  to  remain  per- 
manently at  routine  analysis,"  but  to  young  men  who  wish  to  be- 
come chemists,  to  more  advanced  students,  who  are  anxioas  to 
broaden  their  horizon,  and  to  the  technical  chemists,  who  ha^e 
regard  for  something  beyond  their  daily  duties,  it  can  not  fail  to 
be  helpful. 

Although  it  lacks,  necessarily,  the  detail  of  special  monog^raphs 
or  of  extended  works  like  tfiose  of  Boeckman,  Allen,  and  otfaen, 
there  is  scarcely  a  similar  book  of  moderate  size,  in  which  so  many 
valuable  suggestions  can  be  found. 

Among  the  topics  treated  with  exceptional  fulness  are  the  iol- 
lowing:  Attributive  Methods,  Calculation  of  Analyses,  £iTori 
and  Precautions,  Colorimetry,  Proximate  Oi^ianic  Analysis,  Notes 
on  the  Methods  of  Analysis. 

One  may  question  the  usefulness  of  this  book  as  a  laboratory 
guide,  another  may  prefer  a  different  selection  of  exercises  for  tbe 
illustration  of  the  principles  of  analysis ;  others  may  hold  opinioos 
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contrary  to  those  of  the  author,  but  none,  I  think,  will  fail  to  find 
it  abounding  in  information,  stimulating  and  tending  to  the  ad- 
vancement of  the  science  and  art  of  analysis.  L.  B.  Hauu 

QaAnrmxrrm  Classification  op  Ignsoxri  Rocks,  Basbd  on  Chbmicai^ 

ANB    MiNE&AI,    CHARACTBRS.        By    WHITICAN    CBOSS,    JOSBPH    P. 

IBBINGS,  Louis  V.  Pirsson,  Hbnry  S.  Washington.    With  an  Intro- 
ductory Review  of  the  Development  of  Sjrstenutic  Petrography  in  the 
Nineteenth  Centnry,  by  Whitman  Cross.      Chicago :   The  University 
of  Chicago  Press.    London  :  William  Wesley  &  Son.     1905.    283  pp. 
In  this  volume  have  been  brought  together  the  two  essays 
uiider  the  above  titles  that  appeared  in  Volume  X  of  the  Journal 
of  Geology  (see  abstracts  in  this  Journal,  i4,R.,454,and  25,  R.,7), 
with  the  addition  of  tables  to  aid  in  the  calculation  of  the  mineral 
and  chemical  compositions  of  rocks,  and  with  a  glossary  of  the 
new  terms  employed  in  the  nomenclature.    To  adequately  review 
this  important  work  would  require  much  space.    It  seems,  there- 
fore, only  necessary  to  refer  to  the  second  of  the  above-mentioned 
abstracts,  and  to  quote  the  following  passages  from  the  authors' 
preface. 

*'Much  of  the  material  will  be  useful  to  those,  also,  who  do  not 
follow  the  new  classification,  since  it  has  a  general  application  to 
petrography.  Thus  the  'Review  of  the  Development  of  Syste- 
matic Petrography  in  the  Nineteenth  Century'  presents  a  historical 
sketch  of  the  subject  which  is  valuable  to  all  students  of 
petrology." 

*'The  methods  of  calculation  by  which  the  minerals  of  a  rock 
may  be  reckoned  from  its  chemical  analysis,  and  the  reverse  pro- 
cess, will  become  more  and  more  of  a  requirement  in  the  practice 
of  petrographers,  as  the  demand  for  quantitative  description  in- 
creases. And  the  convenience  of  tables  in  carrying  on  the 
operation  will  be  appreciated  by  all  who  undertake  the  work." 

"The  glossary  will  be  found  useful  to  those  who  adopt  the  new 
system  in  defining  specifically  each  new  term,  particularly  the 
magmatic  names  which  appear  for  the  most  part  only  in  the  tables 
of  the  five  classes  where  it  requires  some  consideration  to  frame 
their  definitions.  Their  full  value  will  be  appreciated  when  they 
are  studied  in  connection  with  the  collection  of  some  thousands  of 
rock  analyses  made  within  the  past  fifteen  years,  which  has  been 
prepared  by  Henry  S.  Washington,  and  will  be  published  shortly." 
"It  is  hoped  that  the  present  publication  will  contribute  to  the 
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better  understanding  of  the  development  of  petrography,  and  to  a 
fuller  appreciation  of  its  defects  and  needs,  and  will  point  out  a 
way  along  which  substantial  advancement  may  be  made  in  the 
future."  W.  F.  Hillebrand. 

(EuvRBS  COMPL^TSS  DB  J.-C.  Galissard  db  Marignac  Tome  I  1840- 
1860  Paris  :  Maaaon  et  Cotnpagnie.  Price,  by  subscription,  25  francs 
for  the  two  volumes. 

This  is  a  beautiful  volume  of  8  +  Iv  +  701  quarto  pages. 
Fifty-five  pages  contain  a  well-balanced  and  admirable  account  of 
the  life  and  scientific  labors  of  the  great  Swiss  chemist,  written 
with  affectionate  and  well-controlled  enthusiasm  by  his  son-in- 
law.  Then  follow  the  earlier  half  of  his  scientific  papers,  which 
appeared  before  the  end  of  the  year  i860.  Thirty-eight  are 
memoirs  reporting  his  own  work,  and  twelve  are  notes  comment- 
ing on  papers  of  other  scientific  men  which  were  closely  related  t© 
subjects  treated  in  his  own  papers.  The  order  is  chronol(^cal, 
and  the  paging  of  the  original  memoirs  is  reproduced  in  the 
margin. 

Marignac  was  bom  in  Geneva  in  1817,  and  was  professor  of 
chemistry  there  from  1841,  as  well  as  of  mineralogy  also  from 
1845,  tiU  failing  health  put  an  end  to  his  teaching  in  1878.  For 
perhaps  five  years  longer,  he  was  able  to  accomplish  something  in 
a  private  laboratory  at  his  house;  afterwards,  till  his  death  in 
1894,  he  retained  his  full  intellectual  powers,  and  endured  with 
fortitude  a  good  deal  of  suffering. 

Four  of  his  papers  were  undertaken  under  the  direction  of 
Liebig,  and  belong  to  organic  chemistry.  A  few  relate  to 
mineralogy ;  Marignac  enjoyed  pedestrian  tours  among  the  Alps, 
from  which  he  brought  back  minerals  which  he  loved  to  investi- 
gate. One  paper  concerns  the  theory  of  the  famous  experiment 
of  Foucault  in  which  the  rotation  of  the  earth  is  demonstrated  by 
the  change  of  the  plane  of  motion  of  a  free  pendulum.  One  con- 
cerns the  properties  of  sulphuric  acid,  and  one  describes  a  hy- 
draulic blowing  engine  used  in  Westphalia;  Marignac  was 
Ingenieur  des  Mines. 

The  remaining  papers  of  the  present  volume  are  all  the  work  of 
a  great  chemist  of  splendid  manipulative  skill  who  devoted  the 
best  efforts  of  his  life  to  the  detentiination  of  atomic  weights. 
Many  were  the  elements  for  which  his  results  will  always  be  an 
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important  part  of  our  material.  He  gave  values  for  no  less  than 
twenty-eight  elements  besides  gadolinium,  and  also  accomplished 
much  crystallographic  work,  suggested  by  Mitscherlich's  law  of 
isomorphism,  and  bearing  upon  the  formulae  of  compounds  of 
silicic,  titanic,  tungstic  and  other  acids.  The  determination  of 
the  atomic  weights  of  cerium,  lanthanum,  did3anium,  and  other 
elements,  led  to  studies  of  the  rare  earths.  A  considerable  labor 
on  the  specific  heats  of  solutions  of  certain  salts  was  also  suggested 
by  his  interest  in  atomic  weights.  The  Royal  Society's  catalogue 
makes  us  eager  to  see  the  papers  remaining  for  the  second  volume, 
now  about  due. 

It  is  much  to  be  desired  that  this  impressive  record  of  the  great 
work  of  an  eminent  chemist  be  made  easily  accessible  in  the 
United  States.  Edward  W.  Morlev. 

A  Laboratory  Outlike  op  General  Chemistry.    By   Alexander 
Smith,  B.Sc.,  Ph.D.,  Associate  Professor  of  Chemistry  in  the  University  ' 
of  Chicago.    Second  edition,  revised. 

The  reviewer  has  read  this  laboratory  guide  with  interest  and 
pleasure.  It  has  appealed  to  him  as  a  teacher,  who  has  followed 
practically  similar  methods  in  the  instruction  of  beginners  for 
many  years,  and  naturally  the  process  of  development  and  the 
examples  in  experimentation  have  proved  very  attractive.  It  is 
scarcely  to  be  expected  that  exceptions  would  not  be  found  to  the 
array  of  experiments  and  the  modes  of  procedure— every  teacher 
will  make  some  exceptions,  for  each  one  has  his  own  favorite 
solution  of  the  problems  confronting  him,  as  has  Dr.  Smith; 
otherwise  this  little  volume  probably  would  not  have  been  prepared 
in  the  face  of  the  numerous  existing  guides  upon  the  same  sub^ 
ject.  But  one  doubt  shall  be  mentioned.  It  is  that  the  exercises 
here  and  there  seem  to  call  for  knowledge  and  manipulative  skill 
beyond  that  which  the  beginner,  absolutely  ignorant  of  chemistry, 
possesses,  and  upotv  whose  mind  the  truths  deduced  will  not  make 
the  lasting  impression  for  which  every  teacher  so  fondly  hopes. 
It  strikes  one  as  if  the  course,  pursued  as  laid  down,  would  be 
splendidly  adapted  to  students  who  have  some  knowledge  of  the 
subject  and  whose  purpose  it  is  to  obtain  a  well  rounded-out 
course  in  general  experimental  chemistry.  Perhaps  by  the 
judicious  selection  of  experiments  and  a  final  general  review, 
omitting  nothing,  the  main  object  would  be  attained.    However, 
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the  littte  volume  should  be  carefully  studied.  It  wi^.  help  many. 
It  merits  reo^ition  and  will  receive  it*.  It  is  the  product  of  an 
earnest,  wide-awake  and  thoughtful  teacher  who  has  performed 
his  task  with  consummate  skill — ^with  lucidity  in  statement,  accu- 
racy in  fact  and  care  in  detail ;  hence,  it  is  most  welcome. 

Edgar  F.  Smfth. 


BIOCHBMISCHBS  CBNTRALBLATT. 

The  great  strides  made  in  medical  chemistry  and  in  those  fields 
of  medicine  verging  on  chemistry  have  necessitated  the  publica- 
tion of  a  central  organ.  This  is  now  published  in  Berlin  by  Carl 
Oppenheimer,  under  the  direction  of  Ehrlich,  Fischer,  Kossel, 
Liebreich,  MuUer,  Proskauer,  Salkowski  and  Zunts,  and  they  have 
appointed  Heinrich  Stern,  of  New  York,  editor  for  the  United 
States  and  Canada.    The  object  of  the  publication  will  be : 

A— To  report  such  experiments  and  observations  of  physical  and  applied 
chemistry  as  axe  of  importance  to  the  physician. 

B — Reports  on  the  physiology  of  plants. 

C — ^Physiological  chemistry  in  the  narrower  sense  (constituents  of  the  body 
and  their  derivatives). 

D — Chemistry  of  the  tissues  and  organs  under  normal  and  pathological 
conditions. 

B — Chemistry  of  digestion,  secretions  and  excretions,  metabolism  and 
blood. 

P— Ferments  and  fermentation  ;  toxins  of  a  non-bacterial  nature. 

G — Chemistry  of  the  pathogenic  micro*organisms  (toxins,  anti-toxins), 
phenomena  of  immunity. 

H — Toxicology  and  pharmacology. 

I — Hygienic  chemistry,  disinfection,  examination  of  water. 

As  this  is  the  only  international  organ  devoted  to  these  scientific 
fields,  American  observers  and  investi^tors  will  find  it  to  their 
interests  to  prepare  abstracts  of  their  papers  which  have  appeared 
since  January  ist  and  will  appear  hereafter,  and  send  them  to 
Heinrich  Stem,  56  East  76th  Street,  New  York  City. 
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NITROOEN  IN  PROTEIN  BODIES. 

Bt  Thomas  B.  Osboxnb  avb  Jbajlc  P.  Hauus. 

Received  February  9,  wgom. 

To  properly  differentiate  and  classify  the  protein  bodies  it  is 
necessary  to  employ  some  method  based  on  the  structure  of  their 
molecules.  Many  of  the  color  reactions,  it  is  true»  gi\e  us  evi- 
dence of  certain  complexes  in  the  protein  molecule,  but  most  of 
these  reactions  are  characteristic  of  the  protein  bodies  in  generali 
and  in  but  few  cases  distinguish  between  individual  proteins. 
Furthermore,  these  reactions  give  no  quantitative  measure  of  the 
different  complexes  which  cause  them,  and  in  these  quantitative 
relations  lies  one  of  the  most  important  differences  between  the 
several  protein  bodies.  Until  recently,  knowledge  regarding  the 
structure  of  the  protein  molecule  has  been  chiefly  obtained  by  de- 
tailed study  of  the  decomposition  products  resulting  from  boiling 
the  protein  with  strong  acids.  A  quantitative  determination  is 
possible  for  only  a  few  of  these  decomposition  products  and,  as 
large  quantities  of  pure  material  and  much  time  and  skill  are  re- 
quired for  the  examination,  investigations  of  this  kind  have  been 
applied  to  only  a  few  of  the  known  proteins. 

Kossel  and  Kutscher*  have  recently  perfected  their  method  for 

*  Ztiehr.  physioL  CVm.,  3lt  >^  (1900). 
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determining  the  basic  bodies,  histidin,  arginin  and  lysin,  three  of 
the  most  important  decomposition  products  yet  obtained  from 
proteins.  From  their  results,  it  would  appear  that  one  of  the  best 
means  at  present  available  for  distinguishing  between  the  several 
proteins  lies  in  a  determination  of  the  proportion  of  these  bases 
which  they  contain.  We  have  accordingly  tried  to  determine  the 
proportion  of  the  different  classes  of  nitrogenous  decomposition 
products  yielded  by  several  of  the  proteins  previously  prepared 
and  studied  in  this  laboratory  but  as,  in  many  cases,  only  small 
amounts  were  available,  it  is  not  at  present  possible  to  apply 
Kossel  and  Kutscher's  method  to  them  all. 

As  preliminary  to  a  more  exact  study  of  our  preparations,  we 
have  used  a  method  proposed  by  Hausmann^  for  determining  th? 
proportion  of  nitrogen  in  different  forms  of  combination  that 
occur  among  the  decomposition  products  which  result  after  boil- 
ing the  protein  for  a  long  time  with  acids.  Although  this  method 
has  been  subjected  to  very  severe  adverse  criticism,  we  have  found 
that,  under  suitable  conditions,  it  yields  fairly  uniform  results  and 
affords  a  rapid  means  for  approximately  determining  the  rela- 
tions of  different  preparations  to  one  another.  Thus  we  have 
found  by  its  use  that  some  of  our  preparations  from  different 
seeds  which  were  so  nearly  alike  in  composition  and  reactions  that 
no  difference  could  be  detected  between  them  sufficient  to  warrant 
the  conclusion  that  they  were  not  the  same  chemical  individtial, 
yield  such  different  proportions  of  nitrogen  in  the  several  forais 
of  binding  that  there  can  be  no  longer  any  doubt  that  they  are 
distinctly  different  substances.  On  the  other  hand,  many  prepa- 
rations of  different  origin  which  we  have  heretofore  considered  to 
be  identical,  have  yielded  the  same  proportion  of  the  different 
forms  of  nitrogen  and  consequently  our  former  opinion  respecting 
the  identity  of  these  protein  preparations  is  very  greatly  strength- 
ened. We  do  not  assert  that  Hausmann's  method  is  capable  of 
yielding  accurate  results  respecting  the  true  proportion  of  nitrogen 
in  the  various  forms  of  binding,  but  that  it  yields  valuable  com- 
parative results  under  the  conditions  which  we  have  employed,  is 
evident  from  an  examination  of  our  determinations  given  in  the 
following  pages. 

Hausmann's  method  consists  in  boiling  the  protein  with  strong 
hydrochloric  acid  until  it  is  completely  decomposed  and  then  de- 

1  Ztuhr.  pkysioL  Clum,^  97, 9a  (1899). 
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teimining:  (i)  The  nitrogen  which  can  be  expelled  from  the 
sdution  as  ammonia  by  distillation  with  magnesia;  (2)  that 
which  is  precipitated  by  phosphotungstic  acid  from  the  solution 
thus  freed  from  ammonia;  and  (3)  the  nitrogen  remaining  in  the 
filtrate  from  the  phosphotungstic  acid  precipitate.  In  this  way 
Hausmann  thought  the  amide  nitrogen  (i),  the  diamino-nitrogen 
(2),  and  the  remaining  nitrogen  (3),  belonging  almost  wholly  to 
monamino  acids,  might  be  quantitatively  determined.  This 
method  has,  however,  received,  such  severe  criticism  that  it  has 
found  but  little  application  and  the  results  obtained  by  it  have 
been  accorded  but  slight  omsideration.^ 

Hausmann  supposed  that  the  amount  of  amide  nitrogen  was 
quite  accurately  determined  by  his  method  and  was  characteristic 
for  each  proteid,  but  Henderson'  soon  showed  that  the  amount  of 
ammonia  obtained  depended  on  the  strength  of  the  acid  used 
in  decomposing  the  proteid  and  on  the  time  of  boiling. 

Schulze  and  Winterstein'  found  that  after  precipitating  the 
solution  of  the  decomposition  products  of  proteins  with  phospho- 
tungstic acid,  a  small  amount  of  ammonia  could  be  obtained  from 
the  filtered  solution  by  distilling  with  magnesia.  In  agreement 
with  this  observation.  Hart*  found  that  a  scxnewhat  greater  pro- 
portion of  ammonia  was  obtained  by  distilling  the  solution  of  the 
decomposition  products  with  magnesia  than  with  barium  carbon- 
ate. From  these  facts  it  would  appear  that  distillation  with 
magnesia  does  not  give  an  accurate  measure  of  the  amide  nitrogen 
yielded  by  the  protein. 

Kutscher*  next  stated  that,  according  to  experiments  by 
Gulewitsch,  the  phosphotungstic  acid  compound  of  arginine  is 
notably  soluble  in  water ;  that  the  phosphotungstic  acid  precipitate 
of  the  diamino  acids  is  soluble  in  a  sufficient  excess  of  the  pre- 
cipitant ;  that  in  the  mixture  of  acids  obtained  by  boiling  the  pro- 
tein with  hydrochloric  acid  an  immediate  precipitate  results  on 
adding  phosphotungstic  acid,  but  that,  on  increasing  the  amount 
of  the  latter,  a  further  precipitate  appears  after  a  time  and  that 

*  Rofmeister  (**  BrgetmlHe  der  Phytiologie."  Vol.  I,  p.  778  (1902)),  in  whoM  Ubontory 
Bannnanii**  work  wmi  done,  myn  that  more  accurate  estimations  by  Hausmann's  process 
will  soon  be  published  by  Th.  G&mbel,  and  the  objections  raised  against  this  method  by 
Kotadier  and  others  wfU  be  met. 

*  Zitchr.  phytiol,  Ckem,^  99,  47  (1900). 
*/Kd:,  3at  5^(1901  •• 

*  /Wrf..  33,  347  (X90O. 
*/Ktf..  31,  215(1900). 
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this  time  gradually  becomes  longer  after  each  addition  of  the  add. 
This  latter  precipitate  is  crystalline,  is  soluble  in  water,  dilute 
acids,  and  in  acidified  dilute  phosphotungstic  add  solution,  and 
does  not  contain  diamino  acids. 

Kutscher  conducted  experiments  with  Hausmann's  method  in 
which  he  employed  different  volumes  and  proportions  of  phospho- 
tungstic acid  for  precipitating  the  diamino  adds  obtained  from 
casein,  the  results  of  which,  under  the  different  conditions  em- 
ployed, varied  materially  from  one  another  and  very  greatly  from 
that  obtained  by  Hausmann  with  the  same  protein.  Nevertheless, 
two  results,  secured  under  the  same  conditions,  agreed  very 
closely.  Kutscher  concluded  that  Hausmann's  method  cannot 
yield  useful  results. 

Wetzel*  employed  Hausmann's  method  with  gelatin,  conchiolin 
and  silk  glutin.  He  found  the  same  amount  of  nitrogen,  as 
ammonia,  in  gelatin  as  did  Hausmann,  but  only  one-half  as  mach 
diamino  nitrogen.  He  explains  the  difference  by  saying  ''The 
amount  of  nitrogen  which  is  obtained  is  too  low  for  dilute  solu« 
tions,  too  high  for  very  concentrated,  since  in  the  one  case  all  the 
bases  are  not  precipitated  and  in  the  other,  besides  the  bases, 
probably  amido  acids  are  also  predpitated." 

Chittenden  and  Eustis'  state  that  the  amount  of  bases  precipi- 
tated by  phosphotungstic  add  from  solutions  containing  the  de- 
composition products  of  the  protdns  is  variable  and  cannot  be 
taken  as  a  quantitative  measure  of  the  same. 

Schulze  and  Winterstdn'  next  determined  the  amount  of 
histidine,  arginine  and  lysine  which  they  were  able  to  isolate  from 
the  decomposition  products  of  several  crude  preparations  of  v^e- 
table  proteins,  and  found  that  the  amount  of  nitrogen  contained 
in  these  bases  fell  considerably  below  that  precipitated  by  phospho- 
tungstic acid,  according  to  Hausmann's  method.  From  this  they 
conclude  that  phosphotungstic  add  precipitates  other  decompo- 
sition products  than  the  three  determined. 

Schulze  and  Winterstein^  next  studied  the  deportment  of  some 
monamino  acids  towards  phosphotungstic  acid  and  found  that 
neither  glycocol,  optically  active  and  inactive  leudne,  amino- 
valerianic  acid  or  tyrosine  were  precipitated  from  their  5  per  cent 

1  Ztackr.pkytiol  Clum.^  19, 4D3  (1900). 
*  Am.  J,  Physiol,^  3,  31  (1900). 
<  Ztschr.  pkysiol.  CJUm,,  33,  S47  (1901). 
♦/Wf.,  33.  574(1901). 
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solutions  by  phosphotungstic  acid,  but  that  of  phenylalanine  under 
these  conditions  gave  an  oily  precipitate  which,  after  a  time,  be- 
came crystalline.  About  50  cc.  of  cold  water  were  required  to 
dissolve  the  precipitate  produced  by  o.i  gram  of  this  substance. 

AMiether  phenylalanine  is  thrown  down  by  phosphotungstic  acid 
from  solutions  containing  the  decomposition  products  of  proteins, 
depends  on  the  concentration  of  the  solution.  Since  this  body 
has  as  yet  been  found  only  in  small  quantity  among  protein  decom- 
position products,  it  may  escape  precipitation,  but  the  known 
tendency  of  substances  to  separate  together  from  solution  may 
cause  it  to  precipitate  to  a  greater  or  less  extent. 

Although  a  careful  examination  of  the  phosphotungstic  acid 
precipitates  failed  to  reveal  the  presence  of  monamino  acids,  even 
when  methods  were  used  which  would  surely  have  shown  the 
presence  of  even  small  amounts  of  leucine  and  tyrosine,  they  con- 
clude that  it  is  probable  that  monamino  acids  are,  in  fact,  carried 
down  with  the  phosphotungstic  acid  precipitate. 

From  the  preceding  statements,  it  is  evident  that  Hausmann's 
method,  as  he  defined  it,  cannot  be  used  to  determine  accurately 
the  proportion  of  amido-,  diamino-  and  monamino-nitrogen  in  the 
decomposition  products  of  the  various  proteins.  It  is  possible, 
however,  under  suitable  conditions,  to  obtain  valuable  comparative 
results  by  its  use,  whereby  differences  between  the  various  pro- 
teins are  made  plainly  evident. 

Henderson's  statement  that  the  amount  of  ammonia  obtained 
depends  on  the  strength  of  acid  with  which  the  proteid  is  boiled, 
as  well  as  on  the  time  of  boiling,  is  doubtless  correct,  but  an 
examination  of  his  determinations,  made  tmder  different  condi- 
tions, shows  that  it  is  necessary  to  much  increase  the  strength  of 
the  acid  or  greatly  prolong  the  boiling  in  order  to  materially  affect 
the  result.  It  is  therefore  possible,  under  similar  conditions,  to 
obtain  a  uniform  proportion  of  ammonia  by  distilling  with  mag- 
nesia. That  all  the  ammonia,  thus  obtained,  is  derived  from 
ammonium  salts  formed  by  the  action  of  the  boiling  acid  on 
amides  is  improbable,  in  view  of  Schulze  and  Winterstein's  obser- 
vation and  also  that  of  Hart. 

We  have,  in  the  following  investigation,  determined  the  ammo- 
nia yielded  by  various  preparations  of  the  same  protein  on  distil- 
lation with  magnesia,  and  have,  as  inspection  of  the  figures  given 
in  the  following  pages  shows,  obtained  such  uniform  results  that 
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they  afford  a  ready  means  for  comparing  supposedly  identical 
proteins. 

Whether  Hausmann's  method  can  be  modified  so  that  the  results 
will  show  the  true  proportion  of  basic  nitrogen  yielded  by  the 
proteins,  will  require  more  extended  investigations  than  have  as 
yet  been  undertaken.  It  will  be  shown  later  in  this  paper  that, 
under  the  conditions  which  we  have  employed,  the  amount  of 
basic  nitrogen  precipitated  by  phosphotungstic  acid  corresponds 
pretty  closely  with  that  contained  in  the  histidine,  arginine  and 
lysine  which  Kossel  and  Kutscher*  found  in  several  proteins  from 
cereal  grains,  but  falling,  as  would  be  expected  from  the  known 
slight  solubility  of  arginine  phosphotungstate,  a  little  below  them. 

Unfortunately,  these  investigators  did  not  examine  any  of  the 
proteins  yielding  large  amounts  of  basic  nitrogen,  except  histone, 
and  we  have  at  present  no  accurate  knowledge  of  the  proportion 
of  arginine,  histidine  and  lysine  which  any  of  these  contain.  The 
determinations  made  by  Schulze  and  Winterstein  show  that 
edestin  and  conglutin  contain  large  proportions  of  these  diamino- 
acids,  but  they  did  not  employ  pure  conglutin  and  their  determi- 
nations were  made  by  Kossel's  older  method  which,  supposedly, 
does  not  yield  such  reliable  results  as  the  later  one,  recently  devised 
by  Kossel  and  Kutscher.  Furthermore,  we  have  no  evidence  that 
these  three  diamino  acids  are  the  only  basic  decomposition  prod- 
ucts of  proteins  and  it  may  well  be  that  further  investigation  will 
reveal  the  presence  of  others  in  some  of  the  vegetable  proteins, 
especially  those  rich  in  nitrogen. 

Kutscher  lays  much  stress  on  the  solubility  of  the  phosphotung- 
stic acid  precipitate,  but  our  experience  has  not  led  us  to  consider 
that  it  is  soluble  to  such  an  extent  as  he  would  have  lis  believe. 
When  the  phosphotungstic  acid  precipitate  separates  in  abundance, 
we  have  frequently  noticed  that  it  forms  a  relatively  stiff  jdly 
which,  on  stirring,  diminishes  greatly  in  volume  and  after  a  time 
becomes  partly  crystalline,  as  shown  by  the  microscope.  The 
same  phenomenon,  though  less  marked,  usually  occurs  on  wash- 
ing, the  precipitate  diminishing  in  volume  and  becoming  more 
crystalline,  but  not,  so  far  as  we  have  observed,  dissolving  to  a 
noticeable  extent. 

That  the  amount  of  nitrogen  precipitated  by  phosphotungstic 
acid  varies  with  the  conditions,  is  evident  from  the  facts  brought 

1  ZUckr.  physiol.  Chem.,  31,  165  (1900). 
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forward  by  Kutscher,  who,  however,  worked  under  extreme  con- 
ditions, his  solutions  being  very  concentrated  and  the  amount  of 
phosphotungstic  acid  very  large,  so  that  coprecipitation  of  the 
monamino  acids  might  be  expected. 

To  determine  the  best  way  of  employing  Hausmann's  method, 
we  have  tried  the  following  experiments  with  a  very  pure  prepa- 
ration of  crystallized  edestin  from  the  hemp  seed : 

I.  One  gram  of  the  air-dry  crystals  of  edestin  was  boiled  for 
about  seven  hours  with  12  per  cent,  hydrochloric  acid,  the  solu- 
tion evaporated  to  a  small  volume  in  order  to  remove  most  of  the 
excess  of  hydrochloric  acid,  diluted  with  water,  distilled  with 
magnesia  and  the  ammonia  determined.  The  residual  solution 
was  then  filtered,  concentrated  to  approximately  100  cc,  5  g^rams 
of  sulphuric  acid  added  and  then,  after  cooling,  a  solution  of 
phosphotungstic  acid  of  unknown  strength,  until  no  further  pre- 
cipitation occurred  at  once  on  adding  more  of  the  reagent  to  the 
dear  solution  above  the  precipitate.  After  twenty-four  hours, 
the  precipitate  was  filtered  out  and  washed  with  a  dilute  solution 
of  phosphotungstic  acid  containing  some  sulphuric  acid.  Nitrogen 
was  then  determined  in  the  precipitate  together  with  the  filter. 

II.  One  gram  of  the  same  preparation  of  edestin  was  dissolved 
in  dilute  hydrochloric  acid,  somewhat  more  than  an  equal  volume 
of  concentrated  acid  added  and  the  solution  boiled  with  a  reflux 
condenser  for  seven  hours.  After  boiling  a  short  time,  the  excess 
of  hydrochloric  acid  passed  out  of  the  condenser  so  that  the  solu- 
tion soon  came  to  contain  about  20  per  cent,  of  the  acid.  The 
solution  was  then  treated  like  I,  and  the  nitrogen  determined  in 
the  residue,  filtered  out  after  distilling  off  the  ammonia.  The 
filtered  solution  was  then  concentrated  to  100  cc,  3  cc.  of  concen- 
trated sulphuric  acid  added  and,  after  cooling  to  about  20^,  a 
solution  containing  20  grams  of  phosphotungstic  acid  and  5  grams 
of  sulphuric  acid  per  100  cc.  was  added,  i  or  2  cc.  at  a  time,  as 
long  as  an  immediate  precipitate  formed  in  the  solution  cleared  by 
subsidence.  For  this  purpose,  15  cc.  of  the  phosphotungstic  acid 
solution  were  required.  After  standing  half  an  hour,  this  pre- 
cipitate was  filtered  out  and  15  cc.  more  phosphotungstic.acid  were 
added.  The  solution  remained  clear  for  a  few  seconds  and  then 
slowly  )rielded  a  second  voluminous  precipitate  which  the  micro- 
scope showed  to  consist  of  spherical  aggregates  of  narrow  crys- 
talline plates  together  with  amorphous  matter  entangled  in  a 
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very  voluminous  jelly.  No  noticeable  difference  existed  in  the 
appearance  of  this  precipitate  and  that  first  thrown  down.  On 
stirring,  the  voluminous  precipitate,  which  at  first  filled  nearly  the 
whole  of  the  solution,  settled  rapidly  to  a  slight  crystalline  deposit 
After  standing  several  hours,  the  clear  solution  was  decanted  and 
35  cc.  more  of  the  phosphotungstic  acid  solution  were  addei 
After  standing  over  night,  a  mere  trace  only  of  the  precipitate 
separated  from  this  last  solution.  The  two  precipitates  first 
formed  were  washed  with  a  solution  containing  2.5  gjams  of  phos- 
photungstic acid  and  5  grams  of  sulphuric  acid  per  100  cc.  and 
nitrogen  determined  in  them. 

III.  One  gram  of  the  edestin  crystals  was  treated  in  the  same 
way  as  II,  except  that  after  adding  the  first  15  cc.  of  phosidib- 
tungstic  acid  the  solution  was  allowed  to  stand  twenty-four  hours 
before  filtering,  no  more  phosphotungstic  acid  being  added. 

IV.  One  gram  of  the  edestin  was  treated. like  III,  except  that 
30  cc.  of  the  phosphotungstic  acid  were  used.  The  filtrate  from 
the  precipitate  thus  produced  was  made  up  to  500  cc,  and  nitrogen 
determined  in  100  cc.  of  it. 

V.  One  gram  of  the  edestin  was  treated  like  III  except  that 
60  cc.  of  the  phosphotungstic  add  were  added. 

The  results  of  these  determinations  in  per  cent,  of  the  edestiD 
dried  at  no**  were  the  following: 

I.  II.  III.  IV.  V. 

Phosphotungstic  acid  added..  ?  cc.  15  cc.  +  I5  cc.  15  cc.  30  cc.  60 cc. 
Nitrogen  as  ammonia 1.93  1.86  1.86        1.86       1.86 

Basic  nitrogen 5.68         \q^  5-39       5*9^       ^^ 

Non -basic  nitrogen 10.23  .••  •..       10.01 

Nitrogen  in  magnesium  oxide 

precipitate 0.11  o.ii        ai3      an 

17.94  17.98 

These  figures  show  that  the  amount  of  ammonia  formed  it 
very  uniform,,  even  though  the  strength  of  the  acid  varies  consid- 
erably,— from  12  to  20  per  cent.  The  amount  of  basic  nitrogen 
found  in  III  shows  that  15  cc.  of  the  phosphotungstic  acid  is  not 
enough,  a  result  confirmed  by  the  figures  under  II,  where  the 
addition  of  15  cc.  more  phosphotungstic  acid  to  the  filtrate  from 
the  precipitate  produced  by  the  first  15  cc.  yielded  a  secoa^  T"** 
cipitate  containing  0.7  per  cent,  more  nitrogen.    As  60  cc.  of 
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phosphotungstic  acid  in  V  gave  the  same  result  as  30  cc.  in  IV,  it 
would  appear  that  the  latter  quantity  was  sufficient  for  complete 
precipitation  and  that  a  considerable  excess  of  the  precipitant 
has  no  solvent  action,  as  might  have  been  expected  from  Kutscher's 
statements. 

The  sum  of  the  different  forms  of  nitrogen  falls  considerably 
below  the  total  nitrogen  contained  in  edestin,  namely,  18.64  P^r 
cent.  This  deficiency  probably  falls,  for  the  most  part,  on  the 
non-basic  nitrogen,  as  it  is  difficult  to  determine  this  with  accu- 
racy, because  only  one-fifth  of  the  solution  can  be  employed  and 
consequently  all  errors  arising  from  incomplete  oxidation  during 
digestion  with  sulphuric  acid  are  multiplied  by  five.  Owing  to 
the  large  amount  of  phosphotungstic  acid  present,  larger  quanti- 
ties of  the  solution  cannot  well  be  used,  and  even  with  one-fifth, 
the  solution  bumps  so  badly,  on  boiling  with  sulphuHc  acid,  that 
it  is  very  difficult  to  effect  complete  conversion  of  the  nitrogen 
into  ammonia.  It  is  better,  therefore,  to  omit  this  determination 
and  find  the  amount  of  non-basic  nitrogen  by  difference. 

It  is  evident  from  the  results  of  these  comparative  determina- 
tions that  a  considerable  latitude  in  the  conditions  may  occur 
without  noticeably  affecting  the  result,  so  that  uniform  results 
may  be  obtained  by  using  Hausmann's  method  under  suitably 
defined  conditions. 

The  method  which  we  have  adopted  is  the  following :  About  i 
grzm  of  the  protein  is  boiled  with  20  per  cent,  hydrochloric  acid 
until  the  solution  no  longer  gives  the  biuret  reaction,  usually  from 
•even  to  ten  hours.  It  is  then  evaporated  on  the  water-bath  to 
2-3  cc.  and  the  bulk  of  the  free  hydrochloric  acid  thus  removed. 
The  residual  solution  is  transferred  to  a  flask  with  about  350  cc. 
of  water,  and  a  cream  of  magnesia  which  has  been  freed  from 
every  trace  of  ammonia  by  long  boiling  is  added  until  in  slight, 
but  distinct  excess.  After  distilling  and  determining  the  ammo- 
nia, the  solution  in  the  flask  is  filtered  through  nitrogen-free  paper 
and  the  residue,  thus  collected,  washed  thoroughly  with  water, 
and  nitrogen  determined  in  it,  tc^ether  with  the  paper,  by  Kjel- 
dahl's  method.  The  filtered  solution  is  next  concentrated  to  100 
<c.,  cooled  to  20^,  5  grams  of  sulphuric  acid  added,  and  then  30 
cc.  of  a  solution  containing  20  grams  of  phosphotungstic  acid  and 
5  gjams  of  sulphuric  acid  per  100  cc.  After  twenty-four  hours, 
the  precipitate  is  filtered  out  and  washed  with  a  solution  containing 
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2.5  grams  of  phosphotungstic  acid  and  5  grains  of  sulphuric  add 
per  100  cc.  The  washing  is  effected  by  rinsing  the  precipitate 
from  the  filter  into  a  beaker  and  returning  to  the  p2^>er  three 
successive  times,  each  portion  of  the  wash-solution  being  aHowed 
to  run  out  completely  before  the  next  is  applied.  About  200  oc 
of  washings  are  thus  obtained.^ 

The  nitrogen  contained  in  the  precipitate  is  then  determined  by 
transferring  it  to  a  flask  of  Jena  glass  holding  600  cc.  and  digest- 
ing with  35  cc.  of  sulphuric  acid  for  seven  or  eight  hours.  During 
the  digestion,  potassium  permanganate  crystals  are  added  three  or 
four  times.  In  the  few  cases,  where  the  phosphotungstic  add 
precipitate  is  small,  less  sulphuric  acid  is  used,  enough  bring 
taken  in  each  case  to  prevent  too  violent  bumping.  The  remaining 
nitrogen,  belonging  chiefly  to  monamino  acids,  is  found  by  sub- 
tracting the  sum  of  the  nitrogen  found  in  the  preceding  operations 
from  the  total  nitrogen  contained  in  the  protein  under  examina- 
tion. 

THE  BINDING  OF  NITROGEN  IN  VARIOUS  PURE  PROTEINS. 

In  Studying  the  amount  of  furfurol  yielded  by  various  protdn 
substances  when  distilled  with  12  per  cent,  hydrochloric  acid,  we 
obtained  solutions  containing  their  decomposition  products  in 
which  we  determined  the  proportion  of  the  different  groups  of 
nitrogen  compounds  .in  the  same  way  as  described  in  Experi- 
ment I  with  edestin.  In  the  following  pages  these  results  are 
marked  a. 

We  later  studied  Hausmann's  method  more  carefully  and,  after 
trying  the  experiments  already  described,  adopted  the  method  just 
given.     The  results  thus  obtained  are  marked  b. 

In  nearly  all  of  these  proteins  we  determined  the  amount  of 
non-basic  nitrogen  directly,  but  as  in  many  cases  the  sum  of  the 
nitrogen  in  the  several  groups  of  compounds  fell  below  the  total 
contained  in  the  preparation,  we  give  in  the  following  pages  the 
amount  found  by  difference,  which  we  consider  to  be  more  nearly 
correct  than  that  found  by  direct  determination. 

Bdestin, 

The  name  edestin  was  first  applied  to  the  globulin  obtained  by 

>  Haostnann  dire<*red  that  the  wMhiog  be  continued  until  the  fluid  ran  out  colorlcM. 
but  in  all  the  aolutioas  iN^ich  we  precipitated  with  phoaphotungstic  acid  there  was  either 
no 'coloring-matter  at  all  or  so  little  that  the  solution  was,  at  the  moat,  only  a  pale  straw 
color.    This  waa  probably  due  to  precipitation  of  humus  by  magnesia. 
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the  writer  from  several  different  seeds^  and  in  this  paper  he  says 
that  ''this  substance  (the  globulin  of  the  cotton  seed)  agrees  in 
composition  with  the  vitellin  which  exists  in  the  seeds  of  wheat, 
maize,  hemp,  castor  bean,  squash  and  flax.  As  the  properties  of 
the  preparations  obtained  from  all  these  sources  are  substantially 
alike,  there  can  be  little  dpubt  that  one  and  the  same  proteid  exists 
in  them  all.  For  this  body  we  adopt  the  name  edestin,  from 
the  Greek  edestos,  signifying  edible,  in  view  of  its  occurrence  in 
so  many  important  food-stuffs." 

In  an  earlier  paper  on  "Crystallized  Vegetable  Proteids"*  the 
writer  compared  the  crystallized  globulins  from  the  hemp  seed, 
castor  bean,  flax  seed  and  squash  seed  and  showed  that  in  crystal- 
line form,  composition  and  reactions  the  various  preparations 
were  practically  alike.  In  conclusion  he  stated :  "It  is  impossible 
to  assert  that  these  four  globulins  are  the  same,  but,  since  differ- 
ences exist  between  different  preparations  of  globulin  from  the 
same  seed  as  great  as  those  found  among  the  globulins  of  these 
different  seeds,  the  writer  is  disposed  to  consider  these  four  globu- 
lins as  identical." 

As  it  has  since  been  found  that  most  of  the  differences  above 
referred  to  are  caused  by  different  minute  proportions  of  combined 
acid,'  whereby  different  salts  of  the  protein  were  formed,  it  seemed 
even  more  probable  that  these  four  globulins  were  one  and  the 
same  substance. 

In  another  paper  by  Osborne  and  Campbell*  the  supposition  was 
advanced,  based  on  analyses  by  Chittenden,  that  the  globulin  of 
the  cocoanut,  which  is  obtained  in  crystals,  is  probably  edestin. 

In  a  paper  on  the  proteids  of  the  sunflower  seed,  Osborne  and 
Campbell*  state  that  "it  is  therefore  our  opinion  that  the  sun- 
flower seed  contains,  as  its  principal  proteid,  the  globulin  edestin, 
but  that,  as  obtained  by  extraction  from  the  seed,  this  is  mixed 
with  helianthotannic  acid,  from  which  we  have  not  succeeded  in 
separating  it  completely." 

We  have  now  determined  the  different  forms  of  nitrogen  in 
such  of  these  preparations  as  are  at  present  available,  with  the 
following  results : 

1  Report  Conn.  Agr.  Expt.  Station  for  1893  and  this  Journal,  16,  778  (1894). 
«  Am.  Ckem.J.,  14,  663  (1892). 

*  Report  of  Conn.  Agr.  Expt.  Sta.  for  1896,  p.  369,  and  this  Journal,  19,  482  (1897)  ;  also 
this  Journal,  ai,  486  (1899)  and  Report  Conn.  Agr.  Bxp.  Sta.  for  1900,  p.  399. 

4  Report  Conn.  Agr.  Expt.  SU.  for  1895,  p.  388.  and  this  Journal,  18, 609. 

•  Report  Conn.  Agr.  Bxpt.  Sta.  for  1896,  p.  374.  an<l  this  Journal,  19,  487. 
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Pbrcsmtagb  op  Nitrogbn  in  thb  Dippsrbnt  Groups  in  PRonm 
Hbrbtoporb  Suppossd  to  bb  Bdbstin. 
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These  figures  show  that  the  globulins  from  hemp  seed,  cottoa 
seed  and  castor  beans  contain  practically  the  same  proportion  of 
nitrogen  in  each  of  the  different  forms ;  that  the  globulins  of  the 
cocoanut  and  squash  seed  are  very  nearly  alike  but  contain 
so  much  less  nitrogen  as  ammonia  than  the  globulins  of  the 
three  seeds  first  named  that  there  can  be  no  doubt  that  they  are 
distinctly  different  proteins ;  that  the  globulin  of  the  flax  seed  and 
that  from  the  sunflower  seed  contain  very  much  less  basic  nitrogen 
than  the  others,  but  that  the  former  is  distinguished  from  the  latter 
in  yielding  0.5  per  cent,  less  nitrogen  as  ammonia.  The  globulin 
from  wheat  is  characterized  by  containing  by  far  the  largest  pro- 
portion of  basic  nitrogen  of  any  of  these  globulins  and  far  more 
than  any  of  the  other  proteins  described  in  the  following  pages. 

>  All  mU  of  figures  nicd  in  this  paper  which  are  marfecd  wiUi  Romaa  avmeraltwae 
obtained  from  different  prepamtione;  thoee  showing  more  than  one  detennination  oa  the 
■ame  preparation  ere  included  in  bradEetn. 


NITROGEN  IN  PROTEIN  BODIES.  335 

Wc  have  not  been  able  to  determine  the  proportion  of  the  diflFer- 
ent  forms  of  nitrogen  in  the  globulins  of  seeds  of  rye^  barley  and 
maize,  which  are  very  similar  in  properties  and  ccxnposition  to 
that  of  wheat,  and  can  therefore  assert  nothing  as  to  the  relations 
of  these  apparently  identical  proteins. 

The  facts  here  presented  raise  the  question  as  to  which  of  the 
above  proteins  should  now  be  called  edestin.  Although  the  writer 
first  applied  the  name  edestin  to  the  globulin  of  the  cotton  seed 
together  with  that  "which  exists  in  the  seeds  of  wheat,  maize, 
hemp,  castor  bean,  squash  and  flax"  he  always  considered  that  the 
crystallized  globulin  from  the  four  seeds  last  named  best  repre- 
sented this  substance.  We  now  find  that  only  the  globulins  of 
hemp  seed,  castor  bean  and  cotton  seed  are  alike  in  respect  to  the 
proportion  of  their  several  nitrogenous  decomposition  products. 
In  another  paper  we  show  that  the  globulin  from  cotton  seed 
gives  a  strong  Molisch  reaction  while  those  from  the  hemp  seed 
and  castor  bean  give  none  at  all.  We  have  then  only  two  of  the 
above  globulins,  with  the  possible  exception  of  those  of  wheat 
and  maize,  which  can  still  be  considered  alike,  namely  those  from 
the  hemp  seed  and  castor  bean.  It  seems  best,  therefore,  to  retain 
the  name  edestin  for  the  globulin  of  these  latter  seeds,  especially 
as  it  is  now  very  generally  applied  to  that  from  hemp  seed. 
Whether  the  globulins  from  these  two  seeds  are  in  fact  alike  is 
rendered 'doubtful  by  the  other  results  of  this  investigation,  for 
only  those  proteins  appear  to  be  identical  that  originate  from  seeds 
which  are  closely  related  botanically,  e.  g.,  legumin  from  the  pea, 
horse  bean,  lentil  and  vetch,  vicilin  from  the  pea,  horse  bean  and 
lentil,  gliadin  from  wheat  and  rye,  and  phaseolin  from  the  kidney 
bean  and  adzuki  bean. 

Legumin. 

In  the  seeds  of  the  pea,  lentil,  horse  bean  and  vetch,  Osborne 
and  Campbell^  studied  the  protein  substance  legumin,  which,  so 
far  as  a  rigid  comparison  of  the  properties  and  composition  of 
preparations  from  each  of  these  seeds  could  show,  appeared  to  be 
one  and  the  same  protein.  A  determination  of  the  different 
forms  of  nitrc^^  in  l^^min  from  these  four  seeds  has  given  the 
following  results . 

>  Report  of  tiie  Conn.  Agr.  Bxpt  Sta.  for  ]897,  pp.  324,  337,  393*  ^h  and  this  Joaraal, 
>•>  34Si  Sfis.  993. 406  mod  4x9. 
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Pbrcbntagb  of  Nitrocbn  in  thb  Difpbrbnt  Groups  in  Legumxk. 

a  ^        a 

g         ^         8  M  .      g 
S  &         <^         fl^ii      ( 

:^l      I       g&    lis.    I 

Source.  2  fi  SS  Sc  (• 

p-Mi /«c««.c^/.w«.^  I*       *-^      5.24      10.74     0.27     17.91 

Lentil  (^rzwf»/^j) ^       1.69      5.16      11.03     0.11     17.99 

Hone  bean  (KtrWu/a^a) d       1.63       4.92      11.34      0.11      17.99 

Vetch  {yicia  sativa) d       1.75       5.17      10.90      0.18     18.00 

In  view  of  these  results,  and  the  fact  that  legumin  from  each  of 
these  seeds  has  the  same  composition  and  reactions,  there  can  be 
little  doubt  as  to  the  identity  of  the  several  preparations. 

Phdseolin. 

The  writer  has  found  that  the  chief  protein  in  the  seeds  of  the 
kidney  bean  is  a  globulin,  to  which  he  gave  the  name  phaseolin.^ 
Later  Osborne  and  Campbell  found*  in  the  Japanese  adzuki  bean 
a  globulin  which  was  so  like  phaseolin,  both  in  properties  and 
composition,  that  it  was  stated  to  be  that  protein.  They  also 
found  in  the  soy  bean'  a  protein  similar  in  properties  and  compo- 
sition to.  phaseolin,  in  regard  to  which  they  say,  "The  soy  bean 
meal  contains  a  more  soluble  globulin  which  resembles  phaseolinr 
in  composition  and,  so  far  as  we  could  ascertain,  also  in  its  reac- 
tions. The  amount  of  this  protein  is  small  and  the  evidence  that 
it  is  in  reality  phaseolin  is  not  wholly  satisfactory." 

The  following  table  contains  the  determinations  of  the  different 
forms  of  nitrogen  yielded  by  a  number  of  fractional  precipitates 
of  phaseolin  from  the  kidney  and  adzuki  beans  and  also  by  prepa- 
ration 10  from  the  soy  bean. 

>  Report  Conn.  Agr.  Bxpt.  8tm.  for  1893,  p.  186,  and  this  Journal,  i6i  633,  703  and  757' 
s  Report  Conn.  Agr.  Bzpt.  Sta.  for  1896,  p.  387.  and  this  Journal,  19,  509. 
•  Report  Conn.  Agr.  Bxpt.  Sta.  for  1897,  p.  374,  and  this  Journal,  ao,  4x9. 
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Pbrcxntagb  of  Nitrogen  in  the  Different  Forms  in  Phaseoun. 


Source. 


Kidney  bean  (Phas^olus  vulgaris) 


Adzttki  bean  ( Phaseolus  radiatus) . 


I 

II 

III 

I 

II 

III 

IV 


Soy  bean  ( Glycine  hispida ) to 


b 
a 
b 
b 
b 

b 
b 
b 
b 

w 
IS 


z 

1.63 

1.74 
1.77 

1.63 

1.7a 

1.69 
1.78 
1.69 

1.75 
1.77 
1.70 

1.69 
1.76 

1.86 
1.78 
1.97 


4.3a      9.99 


4.10 

4.19 
4.34 

4.17 
4.11 
4.13 
3.83 
4.02 


10.15 

9.83 

10.03 

10.  X  6 
10.05 

10.23 
9-99 


0.30 
0.38 
0.36 
0.44 
0.16 
0.30 
0.18 
0.38 

0.37 

0.33 


Although  the  amount  of  basic  nitrogen  found  in  the  phaseolin 
from  the  adzuki  bean  is  distinctly  and  uniformly  more  than  in 
that  frcHn  the  kidney  bean,  we  are  not  inclined  to  consider  the 
difference,  which  hardly  exceeds  the  error  of  analysis,  to  be 
sufficient  to  warrant  the  conclusion  that  the  globulins  from  these 
two  seeds  are  different  substances,  especially  as  no  other  differ- 
ence of  any  sort  has  been  found  between  them. 

Legumelin, 

In  most  of  the  leguminous  seeds  which  have  been  examined  in 
this  laboratory,  a  protein  has  been  found  which  is  soluble  in 
exceedingly  dilute  saline  solutions,  is  coagulated  at  about  60*^  and 
is  obtained  by  dialyzing  in  alcc^ol  the  solutions  previously  freed 
from  globulin  by  dialysis  in  water.  It  is  thus  separated  in  a 
coagulated  form  and  can  be  freed  from  proteoses  and  other 
soluble,  contaminating  substances  by  washing  with  water.  The 
properties,  composition  and  occurrence  of  legumelin  are  g^ven  in 
a  paper  by  Osborne  and  Campbell.^ 

The  proportion  of  the  different  forms  of  nitrogen  in  legumelin 
is  given  in  the  following  table,  the  designations  of  the  prepara- 

>  Report  Conn.  A«r.  Bxpt  SU.  for  1897,  p.  365,  and  thU-Joamal,  aa,  410. 
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tions  being  those  of  products  whose  analyses  were  given  under 
the  same  numbers  in  the  papers  already  referred  to. 

PXRCKMTAGB  OF  NiTROGBK  IK  THB  DiPFBRBNT  GROUPS  IN  LBOmfSUV. 


Sonrec. 


i66 


J*     1.04 


VttL  (Pimm  sativum) \^      \b  1.02  3.75    10.S7  o^  16.1s 

b  1.04  4.05    10.84  0.2S  i6.ai 

75      b  1.04  3.69    10.88  a45  16.06 

X^n\jX  (Ervum  lens) -{50      b  x.io  3.38    11. tS  0.30  15.96 

b  x.ii  3.70.  X0.93  0.51  16.2s 

Horse  bean  (FiWa  ^^a)  ••••••••     96      b  0.96  3.4a    ii.xo  0.44  15.9a 

Ki\^ydht^i,Phaseolusradiatus)       6    j$    ^^^    ^-^    '^^    ^-^^    '*•" 
^  '  (*     1.09    3.74    ia97    0.30     .... 

All  these  preparations  are  characterized  by  yielding  a  decidedly 
smaller  proportion  of  nitrogen  aS  ammonia  than  any  of  the  other 
proteins  examined,  with  the  exception  of  leucosin,  which  will  next 
be  discussed.  The  results  obtained  ag^ee  fairly  with  one  another 
and  make  it  highly  probable  that  l^^melin  from  the  several  seeds 
is  one  and  the  same  protein  substance. 

Leucosin. 

In  the  seeds  of  wheat,  rye  and  barley  there  is  found  a  small 
quantity  of  a  protein  having  the  properties  of  an  albumin,  being 
soluble  in  water  and  coagulable  by  heat  at  53^.^  In  the  wheat 
kernel  the  leucosin  is  contained  chiefly  in  the  embryo,  of  which 
it  forms  about  10  per  cent.,*  while  in  the  whole  wheat,  including 
the  embryo,  only  about  0.3  or  0.4  per  cent,  is  present. 

The  proportion  of  the  different  forms  of  nitrogen  in  leucosin 
were  found  to  be  as  follows : 

PXRCBNTAGB  OP  NrTROGEN  IN   THB  DiPPSRBNT  GROUPS  IN   LBUCOSDI. 

^  •        i        F         «• 

•I  E  -  "«  .         8 

II      ^     J      III     • 

Source.  2  0  SB  K                 h 

{I  1. 18  3.58  11.76  0.41         16.93 

II  1. 15  3.45  11.75  0*58 
III 


III  1. 16         3.48         XI.99         0.30 

I  Oftbornc  and  Voorhees:  Am,  Chem,  /.,  19,  303  (1893) ;  0»bo«iic  :  Report  Coaa.  Agr. 

BxpC.  Sta.  for  1894,  p.  X47.;  this  Journal.  17,  429  (1899) ;  ^borne:  Report  Conn.  Agr.  BsfiL 

8U.  for  1894.  p.  X65 ;  this  Joumal,  17,  539  (1895). 

*  Oabome  and  CampbeU :  Report  Conn.  Ayr.  BxpL  Sta.  for  1899,  p.  905. 
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These  results  are  similar  to  those  obtained  for  legumelin,  with 
which  protein  leucosin  agrees  closely  in  composition,  reactions 
and  temperature  of  coagulati6n.  Leucosin  yields  the  smallest 
proportion  of  basic  nitrogen  of  any  of  the  proteins  examined 
except  glutenin  and  the  alcohol-soluble  proteins. 

Vicilin. 
In  the  seeds  of  the  pea,  lentil  and  horse  bean  there  is  a  consider- 
able quantity  of  a  globulin  associated  with  legumin,  which  is 
characterized  by  containing  an  extremely  small  proportion  of 
sulphur.  The  properties  of  vicilin  are  given  in  a  paper  by 
Osborne  and  Campbell*  and  the  proportion  of  nitrogen  in  different 
groups  in  the  following  table : 

Pbrcbmtagb  of  Nitrogbn  in  the  Different  Groups  in  Viciun. 

8  .         ::  |2  . 

ii    ■"    i    III   - 

Source.  Z                ea  2  %  H 

Honebeao  (KfWa  >^^)  *•••  b  z.93  4.53  10.35  0.23  17.04 

l/en^l  {Ertmm /ens) d  1.75  4-59  10.77  0.13  17.24 

VctL  {Pisum  sativum) b  1.67  5.12  io.cx>  0.26  17.05 

These  results,  while  not  in  quite  as  close  agreement  as  most  of 
our  others,  are,  in  our  opinion,  near  enough  to  one  another  to 
warrant  the  conclusion  that  the  preparations  from  the  different 
seeds  are  identical.  The  higher  result  for  basic  nitrogen  in 
vicilin  from  the  pea  is,  perhaps,  due  to  the  fact  that  1.5  grams, 
instead  of  i  gram,  was  used  by  mistake,  and  of  the  horse  bean  and 
lentil  vicilin  only  0.75  gram  of  each  was  available  for  the  determi- 
nation. Unfortunately,  no  more  of  these  preparations  is  left,  so 
that  the  determinations  cannot  now  be  repeated. 

Conglutin, 
In  the  blue  and  yellow  lupine,  Osborne  and  CampbelF  found 
globulin,  in  large  proportion,  which  could  be  separated,  by  frac- 
tional precipitation,  into  two  parts  of  different  composition.  The 
differences  between  the  extreme  fractions,  in  the  case  of  the  blue 
lupine,  were  only  slight,  suggesting  the  admixture  or  combination 
of  some  other  substance.    The  differences  between  the  extreme 

1  Report  Conn  Agr.  Bxp.  SU.  for  r897.  p.  965,  and  this  Journal,  ao,  410. 
*  Report  Conn.  Agr.  Expt.  Sta.  for  1896,  p.  342.  And  this  Journal.  19,  454. 
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fractions  from  the  yellow  lupine  were,  however,  so  considerable 
that  it  was  a  question  whether  or  not  two  different  proteins  were 
present  in  this  seed.  The  least  soluble  fractions  of  the  globulin 
from  the  yellow  lupine  agreed  in  composition  and  reactions  dosdy 
with  the  corresponding  fractions  from  the  blue  lupine  and  were 
designated  cangluHn.  The  most  soluble  fractions  differed  in 
reactions  and  composition,  especially  in  sulphur  content,  those 
from  the  yellow  lupine  containing  more  than  three  times  as  much 
sulphur  as  those  frcxn  the  blue  lupine.  The  results  of  that  in- 
vestigation indicated  that  some  organic  substance,  rich  in  sulphur, 
was  present  in  these  seeds,  much  more  in  the  yellow  than  in  the 
blue  lupine,  which  combined  with  the  conglutin  and  could  be 
separated  only  with  difficulty.  It  was,  however,  found^  that  on 
treatment  with  hot  alkaline  solutions  the  same  proportion  of  sul- 
phur was  split  off  as  sulphide  from  the  preparations  ridi  in  sul- 
phur as  from  those  poor  in  this  element.  As  it  seemed  improb- 
able that  a  contaminating  sulphur-containing  substance  should 
contain  the  same  proportion  of  sulphur  convertible  into  sulphide 
as  did  the  protein,  it  became  a  question  whether  or  not  there  were 
two  different  proteins  present.  Hoping  that  we  might  get  some 
evidence  bearing  on  this  point,  we  have  determined  the  proportion 
of  nitrogen  in  the  different  groups  in  several  preparations  from 
these  seeds,  with  the  following  results,  the  designations  of  the 
preparations  being  the  numbers  of  the  preparations  described  in 
the  papers  referred  to. 

PBRCBNTAGB  OP  NlTRQGBN  IN  TUB   DiFPBRBNT  GROUPS  IN  CONGtOTIN. 


hi 


-J 

Ml 


li  I  a 

Sonrce.                                                            Z           Sk  Z  Z 
Blue  lupine  (Lupinus  an- 

gusiifoUus) 37  «    2.12  5.5a  io.ai  0.09    17.94 

f                    2  a    2.18  5.25  ia36  0.05    17.84 

b    2.14  4.90  10.65  0.24    17.93 


Yellow  lupine    {Lupinus 
lut€us) 


23 


b  2.00  5.06  10.65  0.22 

26  b  2.22  5.24  10.  to  0.24  17.S0 

28  +  29  b  2.04  5.20  10.27  0.27  17-78 

,       ib  2.68  5.20  10.30  0.03  i8.« 


i  Report  Conn.  Afr.  Bxpt.  8tn.  for  1900^  p.  443,  and  this  Journal,  94, 140. 
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Between  the  conglutin  from  the  blue  lupine  and  the  less  soluble 
no  difference  in  the  propoitioii  of  nitrogen  belonging  to  the 
different  groups.  The  more  soluble  globulin  of  the  yellow  lupine, 
different  groups.  The  more  soluble  globulin  of  the  yellow  lupine, 
which  contains  a  much  larger  proportion  of  sulphur,  yields  a  dis- 
tinctly greater  amount  of  ammonia  than  do  the  other  preparations, 
as  shown  by  the  figures  given  last  in  the  table.  Whether  or  not 
diis  excess  of  ammonia,  as  well  as  that  of  the  sulphur,  is  caused 
by  some  non-protein  substance  combined  with  the  conglutin  of 
these  fractions  is  not  shown  by  these  determinations. 

Corylin. 
Ip  the  hazel  nut,  Corylas,  and  English  walnut,  Juglans  regia,  is 
a  large  quantity  of  globulin  to  which  the  writer  gave  the  name 
corylin.*  We  have  recently  obtained  from  the  American  black 
walnut  a  similar  globulin  which  closely  resembles  that  contained 
in  the  two  nuts  first  mentioned.  The  proportion  of  nitrogen  in 
the  different  groups  in  these  globulins  was  found  to  be  as  follows : 

PBRCBNTAGB  op  NITROGBN  IN  THB  DiFFBRBNT  GROUPS  IN  CORVUN. 


Source. 


18.90 


Hazel  not  (Carylas) | 

Black  walnut  (Juglans  nigra) •!  _. 

The  distinctly  smaller  proportion  of  ammonia  nitrogen  obtained 
from  the  black  walnut  globulin  indicates  a  difference  between 
these  two  proteins.  The  fact  that  these  seeds  are  not  closely 
related  botanically,  likewise  makes  this  more  probable  and  renders 
necessary  a  strict  comparison  of  these  two  proteins  with  that  of  the 
English  walnut,  which  will  be  made  as  soon  as  a  supply  of  the 
globulin  from  the  latter  nut  is  obtained. 

Other  Plant  Globulins. 
The  following  table  gives  the  results  of  our  determinations  of 
the  proportion  of  the  different  forms  in  which  the  nitrogen  was 
found  in  proteins  which  we  have  thus  far  obtained  from  the  seeds 
of  but  one  species  of  plants. 

1  Report  Conn.  Agr.  Bzp.  Sta.  for  1895,  p.  a88,  and  this  Journal.  18,  609  (1896). 
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Pbkcbntagb  of  Nitkogbn  in  tbb  Dipvbrbnt  Gkoups  ih  Various 
Plant  Globulins. 

8         -       i       f= 


t    !   -H  \ 

•a         ES-S      5 


sa  I    la  ll!  I 

Protein.                  Source.                                       Z  m           Z          Z              h 

Bxceltin — Brazil   nut    (BeriholUHaia     t.45       

excelsa) \b     1.50  5.76      10.97     0.17     18.30 

Amandin— Almond  (/Vi/ifiM /I ffrv^- 1  a     3.03      4.09       19.00 


dalus  var  dutcis) \b  3.06  4.21  zr.55  0.18 

--.     .       «            ,*,•            J.       V      («  1-91  4.28  10.81  0.25  17.25 

^0  i«9'  *"*  ••••  .••  •••• 

Glyciuin^Soy    bean   (Glycine  his-ia  2. 11  4.00  11.26  0.08  17.45 

pida) \b  2.12  3.90  11.27  o-i6 

\vttktL\\n'-09X  (Avena  sativa) b  2.37  3.94  11.37  0.22  17.90 

Amandin  yields  a  larger  proporticm  of  nitrogen  as  ammonia 
than  any  of  the  other  globulins  and  about  the  same  proportion  of 
basic  nitrogen  as  the  average  of  the  majority  of  the  other  proteins 
examined.  In  this  respect  it  differs  from  the  other  globulins 
rich  in  nitrogen  which  yield  a  much  larger 'amount  of  basic 
nitrogen.  Amandin  must,  therefore,  have  a  decidedly  different 
structure  from  these.  The  figures  given  in  this  table  for  the 
other  proteins  require  no  special  comment. 

NITROGEN  IN  THB  DIFFERENT  GROUPS  IN  ALCOHOL-SOLUBLB 
PROTEINS. 

Kossel  and  Kutscher*  have  recently  decomposed  the  alcohol- 
soluble  proteins  of  wheat  and  maize  kernels  and  have  determined 
the  proportion  of  ammonia,  histidine  and  arginine  which  results. 
They  found  that  lysin  was  entirely  absent,  although  this  diamine 
acid  had  been  found  in  all  the  proteins  previously  examined,  and 
Silso  that  the  proportion  of  arginin  was  much  less  than  that  found 
in  other  proteins. 

The  results  of  our  determinations  by  Hausmann's  method  of 
the  different  forms  of  nitrogen  in  several  alcohol-soluble  proteins 
are  in  harmony  with  the  results  obtained  by  Kossel  and  Kutsdier, 
as  the  following  table  shows : 

1  Ztschr.  phytid,  Chem,,  31,  16$. 
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Pbrcbmtagb  op  Nithogbm  in  the  Different  Groups  in  AtcoBoi^^ir 

VBLZ  Proteins. 


? 


Protein. 


Source. 


Gliftdio— Wheat  ( Triiicum  vulgare)  h 


Gliadin— Rye  (Secale  cereale) 


Hordein — Ben\ey(Hordeum%mlgare)  \ 


Zein— Maize  (Zea  mays) 


Alcohol-soluble 
na  saliva)' 


protein — Oat  (^Ave- 


Bynin— Malt  (Hordeum  vulgare)  • 


II 

I 
II 


4.20 
4.34 
4.36 
3.94 
4.15 
4.22 

3.96 
4.06 

2.95 
3.00 
2.98 
3.01 

2.93 
2.98 

3*55 
3-67 
3.37 
3.50 

3-79 
3.86 


3 

i.]8 


I 


V- 


I^ 


i.oo    12.25 


0.95 
0.87 
0.92 
0.66 
0.88 
0.67 
0.40 
0.48 


".59 
12.39 

12.04 
12.46 
12.49 
12.45 


0.07 
0.20 

T" 

O.II 

6.20 

C.23 

0.05 
0.24 

0.22 


17.66 


17.72 


17.21 
16.13 


0.40    12.68    0.12 


1.04 
1.07 
1.46 
1.38 
0.80 
0.70 


10.85 
X0.68 

10.59 
10.56 
II. II 
11.23 


0.26 
0.28 
0.23 
0.21 
0.56 
0.47 


15.70 


15.65 


16.26 


Kossel  and  Kutscher^  made  determinations  of  Uie  diamino 
acids  in  preparations  believed  to  represent  the  three  alcohol- 
soluble  proteins,  mucedin,  gliadin  and  gluten  fibrin,  which  Ritt- 
hausen'  described  as  constituents  of  wheat  gluten,  and  state  that 
their  preparations  were  made  according  to  Ritthausen's  directions. 
Unfortunately,  the  writer  has  never  been  able  to  understand  Ritt- 
hausen's -explanation  of  the  process  by  which  these  three  proteins 
were  prepared,  although  he  has  devoted  much  time  and  attention 
to  its  description.  We  have  been  unable,  therefore,  to  prepare 
products  which  could  be  considered  to  fairly  represent  these  tfiree 
proteins,  but  the  very  extensive  study  of  a  large  number  of  frac- 
tions obtained  from  alcoholic  solutions  of  every  possible  streng^ 
failed  to  give  Osborne  and  Voorhees*  any  evidence  whatever  of 
the  existence  in  the  wheat  kernel  of  more  than  one  protein  which 

1  ZUehr,  pkyHoi,  Ckem.^  31, 165. 

*  *'  Die  EiwelMkOrper,  etc./*  Bonn,  1872. 

'  i4OT.  Chem.J.y  15, 391. 
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is  soluble  in  alcohol.  Kjedahl^  came  to  the  same  conclusion,  as 
he  says  there  can  be  only  one  alcohol-soluble  protein  in  wheat 
since  both  composition  and  [or]^  are  constant. 

The  only  noticeable  difference  which  Kossel  and  Kutscher  found 
between  their  preparations  of  so-called  gluten  fibrin,  gliadin  and 
mucedin  lay  in  the  proportion  of  histidine.  The  amount  of  this 
substance  found  in  their  gliadin  was  a  little  less  than  in  gluten 
fibrin  and  distinctly  less  in  their  mucedin  than  in  the  other  two 
preparations.  As  only  one  determination  was  made  in  each  of 
these  products,  the  figures  given  require  confirmation  before  the 
differences,  which,  as  Kossel  and  Kutsdier  say,  "are  at  the  most 
only  very  slight,"  can  be  accepted  as  evidence  of  the  presence  of 
three  alcohol-soluble  proteins  in  the  wheat  kernel. 

The  nitrogen  belonging  to  the  histidine  and  arginine,  which 
Kossel  and  Kutscher  found,  formed  1.39  per  cent,  of  the  gluten 
fibrin,  1.13  per  cent,  of  the  mucedin  and  1.21  per  cent,  of  the 
gliadin,  which  is  equal  to  a  mean  of  1.24  per  cent,  in  the  three 
preparations.  The  amount  of  nitrogen  which  we  precipitated  by 
phosphotungstic  acid  from  the  solution  of  the  decomposition 
products  of  gliadin  falls  a  little  below  this  figure,  as  would  be 
expected  from  the  known  solubility  of  arginine  phosphotungstate, 
of  which  this  precipitate  chiefly  consisted.  Gulewitsch^  found 
when  arginine  is  precipitated  from  100  cc.  of  solution  by  phospho- 
tungstic acid  that  7  milligrams  remain  dissolved.  This  amount 
of  arginine  contains  2.2  milligrams  of  nitrogen  which,  if  added  to 
the  average  quantity  found  by  us  to  be  precipitated  by  phospho- 
tungstic acid,  gives  1.2  per  cent,  of  basic  nitrogen  against  1.24  per 
cent,  found  by  Kossel  and  Kutscher. 

The  amount  of  nitrogen  in  the  arginine  and  histidine  which 
Kossel  and  Kutscher  found  in  zein  was  equal  to  0.8  per  cent  of 
the  protein.  If  the  amount  of  nitrogen  corresponding  to  the 
solubility  of  arginine  phosphotungstate  is  added  to  the  average  of 
our  determinations  of  the  basic  nitrogen  in  zein,  we  have  071  per 
cent.,  which  agrees  very  closely  with  Kossel  and  Kutschcr's 
result. 

The  amount  of  nitrogen  as  ammonia  which  Kossel  and  Kutscher 
obtained  from  these  alcohol-soluble  proteins  was  decidedly  less 
than  that  found  by  us,  doubtless  because  a  part  of  the  ammonia 
was  precipitated  from  their  solutions  with  the  humus  substance. 

1  Agriculiurcfum.  Centrbl,,  95,  197  (1893}. 
>  Ztschr,  physiol.  Chem.^  37,  196. 
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These  inve$tigators*also  detennined  the  proportion  of  diamino 
acids  in  the  protein  of  wheat  gluten  that  is  insoluble  in  alcohol 
which  they,  following  Ritthausen,  call  gluten  casein,  but  which 
we  prefer  to  call  glutenin,  since  no  near  relation  between 
it  and  the  milk  caseins  exists,  as  was  formerly  supposed.  The 
results  of  our  determinations  of  the  different  groups  of  nitrogen 
in  this  protein  were  the  following: 

Prrcbntagb  of  Nitrogen  in  the  Difpbrbnt  Groups  in  Glutbnin. 


Source. 
Wheat 


gluten . .  I 


a 

i 

n. 

1 

1    ■ 

1 
i 

h 

•fll 

fl 

b 

3.26 

1.90 

12.18 

0.15 

17.49 

b 

3.35 

3.20 

11.71 

0.23 

•  •  .  . 

Kossel  and  Kutscher  found  in  glutenin  2.14  per  cent,  of  nitro- 
gen belonging  to  the  diamino  acids,  histidine,  arginine  and  lysine, 
with  which  figure  the  average  of  ours  of  2.05,  or,  allowing  for  the 
solubility  of  arginine  phosphotungstate,  2.27  is  in  good  agreement. 
The  amount  of  ammonia  which  they  found  was,  as  for  the  other 
proteins  examined,  less  than  that  which  we  found,  namely,  2.02 
per  cent,  as  against  3.31  per  cent,  found  by  us. 

Kossel  and  Kutscher  think  that  it  is  probable  that,  under  the 
condition  of  their  experiments,  some  of  the  ammonia  unites  with 
the  humus,  as  suggested  by  Udransky,^  and  is  estimated  with  the 
nitrogen  of  that  substance. 

Hart'  has  since  found  that  on  adding  sodium  chloride  or  sodium 
sulphate  to  the  sulphuric  acid  with  which  he  decomposed  the 
proteins,  that  the  amount  of  ammonia  nitrogen  was  increased  and 
that  of  the  humus  correspondingly  diminished,  which 
shows  that  a  part  of  the  ammonia  is  removed  when  the 
humus  is  separated  from  the  solution  before  distilling  with 
magnesia.  By  decomposing  zein  under  these  conditions,  Hart 
found  2.65  per  cent,  of  nitrogen  as  ammonia  and  none  in  the 
humus  precipitate.  That  he  found  less  than  we  is  probably  be- 
cause he  used  barium  carbonate  instead  of  magnesia  to  expel  the 
ammonia,  though  he  does  not  say  definitely  that  he  did  so.  He 
has  shown   that  barium   carbonate   yields   less   ammonia   than 

A  Ztsckr.  physiol,  CJUm.^  1  j,  42. 
*  Ibid,,  33,  347. 
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magnesia,  as  the  latter,  according  to  his  view,  acts  on  some  of 
the  nitrogenous  substances  other  than  ammonium  salts. 

In  conclusion  we  give  some  results,  obtained  with  very  pure 
preparations  of  casein,  crystallized  ovalbumin,  conalbumin  and 
nucleovitellin  from  the  yolk  of  hen's  eggs. 

PBRCBNTAGE  of  NriROGEN  IN  THE  DiFFKRKNT  GROUPS  IN  SOME  ANIMAI, 

Proteins. 

I  ^  |2  . 

¥       »        III!      « 

li      I       a     hi     I 

Protein.  Z  &  ^  Z  h 

1.65  3.46  ....  ...  15.6a 

1-58  3-53  10-30  0-2I 

Ovalbumin...  1^  1.32  3.38  10.52  0.29 

Conalbumm...i*  '''i  ^''^  '^'^^  °-^^  '^•" 

\d  1.18  4.21  10.41  0.31 

^^    ,       .,  ...       id  1. 21  4.60  10.28  o.'9  i6.a8 

Nucleovitellin  . } ,  ^  ^  _  ^^ 

(d  1.28  4.69  10.07  0.34 

The  conalbumin  was  obtained  by  removing  from  an  ammonium 
sulphate  solution  of  egg  white  all  of  the  crystallizable  ovalbumin 
and  then  separating  the  protein  substance  which  was  deposited 
in  spheroids  by  further  evaporation.  The  aqueous  solution  of 
the  latter  substance  was  dialyzed  in  distilled  water  until  all  the 
ammonium  sulphate  was  removed  and  the  conalbumin  coagulated 
by  heating  to  60®.  The  composition  and  properties  of  conalbumin 
are  given  in  a  recent  paper  by  Osborne  and  Campbell/  whose 
observations  respecting  conalbumin  have  since  been  confirmed  by 
Langstein.* 

*  As  conalbumin  closely  resembles  ovalbumin  in  properties  and 
composition,  it  seemed  quite  possible  that  it  consisted  simply  of  a 
compound  of  the  latter  with  some  other  substance  and  that  the 
protein  part  of  the  molecules  of  the  two  albumins  might  be  the 
same.  The  results  of  our  determinations  show  such  wide  differ- 
ences in  the  proportion  of  basic  nitrogen  that  there  can  be  little 
doubt  that  these  albumins  are  two  distinctly  different  substances. 
Schulze'  has  come  to  the  same  conclusion  as  a  result  of  his  study 
of  the  "gold  numbers"  of  these  two  albumins. 

1  Report  Conn.  Agr.  Expt.  SU.  for  1899,  p.  34S  ;  also  this  Journal,  is,  43a. 
s  Hofmeiater's  **  BeitriiKe,"  j,  p.  83  (1901). 
•  /*ttt,  3,  p.  137  (190a). 
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The  amount  of  nitrogen  as  ammonia  which  we  obtained  from 
crystallized  ovalbumin,  namely,  1.35  per  cent.,  is  in  very  close 
agreement  with  the  1.32  per  cent,  found  by  Hausmann.  Likewise 
we  both  found  nearly  the  same  amount  of  basic  nitrogen,  3.22 
and  3.31  per  cent.,  whereas  Kossel  and  Kutscher  found  consider- 
ably more,  i.  e.,  4.19.  We  have,  unfortunately,  been  unable  to 
find  the  conditions  under  which  this  last  figure  was  obtained,  it 
being  quoted  by  Kutscher  without  reference  to  any  publication. 
As  the  ovalbumin  used  does  not  appear  to  have  been  crystallized 
ovalbumin,  it  is  possible  that  conalbumin  may  have  contributed  to 
the  higher  result. 

Our  determinations  of  nitrogen  as  ammonia  yielded  by  milk 
casein  agree  with  those  calculated  from  Kutscher's  figures,  as- 
suming that  his  casein  contained  15.62  per  cent,  of  nitrogen. 
Kutscher  thus  found  1.62,  1.62,  1.58  and  1.59  per  c^nt.  of  nitrogen 
in  this  form.  Hart^  found  1.60  per  cent,  by  distilling  the  decom- 
position products  of  casein  with  magnesia  and  1.39  and  1. 18" per 
cent,  by  distilling  with  barium  carbonate  the  decomposition  prod- 
ucts obtained  by  boiling  with  sulphuric  acid  without  adding 
sodium  chloride  and  1.52  per  cent,  after  adding  this  salt. 

Hart  found  that  more  lysine  was  obtained  from  the  decompo- 
sition products  of  casein  when  the  latter  was  boiled  with  sulphuric 
acid  and  sodium  chloride  than  when  boiled  with  sulphuric  acid 
alone.  He  found,  when  using  sulphuric  acid  and  salt,  an  amount 
of  histidine,  arginine  and  lysine  corresponding  to  3.37  per  cent,  of 
basic  nitrogen  in  the  casein,  which  agrees  closely  with  our  result 
by  Hausmann's  method,  namely,  3.49  per  cent« 

Gumbel'  found,  by  Hausmann's  method,  nitrogen  as  ammonia 
corresponding  to  1.62  per  cent,  of  milk-casein  and  to  4.23  per  cent, 
of  basic  nitrogen,  the  former  being  in  close  agreement  with  our 
results,  but  the  latter  considerably  higher  than  those  found  by  us 
or  by  Hart,  who  determined  the  bases  directly. 

If  the  results  of  the  determinations  by  Hausmann's  method,  as 
employed  by  us,  are  compared  with  the  results  obtained  by  Kossel 
and  Kutscher's  method,  in  separating  and  determining  the  actual 
quantity  of  the  diamino  acids  produced  by  decomposing  compara- 
tively large  quantities  of  the  protein  substances,  it  will  be  seen  that 
nearly  the  same  amounts  of  basic  nitrogen  are  obtained  by  both 
methods.    In  the  following  table  we  give  the  figures  obtained  by 

1  Zhekr,  pkjftioi,  Chem,,  33,  347  (1901). 

>  Qvoted  bjr  Hofmeister,  "  BrgctmiMc  dcr  PhysioL,"  Vol.  I,  p.  777. 
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the  two  methods,  the  amount  of  nitrogen  found  by  Haus- 
mann's  method  being  increased  by  the  addition  of  a  quantity  of 
nitrogen  corresponding  to  the  solubility  of  arginine  phosphotung- 
state. 

Pbrcbntagb  of  Basic  Nitrogbn  in  Sbvbrai«  Protbins. 
„  ,  f  0.80  by  Kofisel  and  Kutscher's  method. 

(0.71  by  Hausmann's  modified  method. 

^..   ..         ( 1.34  by  Kossel  and  Kutscber's  method. 
"( 1.20  by  Hausmann's  modified  method, 
p.  ( 2.14  by  Kossel  and  Kutscher's  method. 

'  ( 2.27  by  Hausmann's  modified  method. 
P  (3.37  by  Kossel  and  Kutscher's  method. 

*  '  (3.71  by  Hausmann's  modified  method. 
These  results  indicate  that  Hausmann's  method,  as  we  have 
applied  it,  gives  a  fairly  accurate  measure  of  the  true  proportion 
of  nitrogen  belonging  to  the  diamino  acids.  Before  this  can  be 
demonstrated,  however,  quantitative  determinations  by  Kossd 
and  Kutscher's  method  must  be  made  in  other  proteins,  especially 
those  yielding  larger  proportions  of  diamino  acids. 

An  examination  of  the  figures  showing  the  different  forms  of 
binding  of  the  nitrogen  in  die  many  proteins  which  we  have  in- 
vestigated shows  that  these  vary  chiefly  in  the  proportion  of  am- 
monia and  basic  nitrogen  which  they  yield.  In  the  following 
table  we  give  the  average  of  the  figures  found  for  each  of  these 
proteins,  arranged  in  the  order  of  amount  of  basic  nitrogen. 

Pbrcbntagb  op  Nitrogbn  in  thb  Dipfbrbnt  Groitps  in  .Various  Pro- 
tein BODIBS. 

E 


11 

Protein.          Source.  % 

Globulin — Wheat 1.42 

**           Cocoanut 1.36 

**            Squash  seed 1.28 

Edestin— Hemp  seed 1.88 

Bxcelsin — Brazil  nut 1.48 

Corylin— Hazel  nut 2.30 

Globulin — Cotton  seed i  .92 

"           Castor  bean 1.96 

Corylin— Walnut 1.78 


Conglutin — Lupine  X.      ' 

Kp    2.65 


6 

^ 

1 

0 

h 

1 

Si 

e  g*g^ 

2! 

s 

1 

|i 

Is  IV 

1 

6.83 

9.82 

0.28 

18-39 

6.06 

10.92 

0.14 

18.48 

5.97 

11.04 

0.22 

18.51 

5.91 

10.78 

O.I3 

18.64 

5.76 

10.97 

0.17 

18.30 

5.75 

10.70 

0.16 

19.00 

5.71 

II.OI 

•  •  • 

18.64 

5.64 

11.00 

0.12 

18.75 

5.41 

II.5I 

0.15 

18.84 

5.ao 

10.38 

0.18 

17.90 

5.13 

10.30 

0.14 

i8.ai 
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IS      I         g&    l§E       I 


HI 


Legnmin — Pea,  lentil,  horse  bean, 

vetch 1.69  5.18  10.92  0.17  17.97 

Globnlin-^Plax  seed a.oo  4-77  "-47  o-"  >M8 

Vidlin— Pea,  lentil,  hone  bean  ...  1.78  4-75  10.37  0.21  17.XI 

Nndeovitellin— Bgg  yolk 1.25  4.65  10.16  0.22  16.28 

Vignin— Cow  pea .• 1.91  4.28  iO-8i  0.25  17.25 

Globulin— Sunflower 2.57  4.27  11.52  0.24  18.58 

Conalbumin— Egg  white 1.21  4.16  10.49  c>.26  16.11 

Amandin—Almond 3.05  4.15  11.55  0.17  19.00 

Phaseolin — Kidney    bean,    adzuki 

bean  1.74  3.97  10.18  0.29  16.20 

Glycinin— Soy  bean 2.11  3.95  11.27  0.12  17.45 

Legumelin — Pea,  lentil,  horse  bean, 

adzukibean 1.04  3.71  10.96  0.38  16.09 

Lenoosin— Wheat 1.16  3.50  11.83  0.43  16.93 

Casein— Cow*8  milk 1.61  3.49  10.31  0.21  15.62 

Ovalbumin— Egg  white 1 .34  3.30  10.58  0.29  15.51 

Glntenin— Wheat  gluten 3. 30  2.05  1 1 .95  o.  19  1 7.49 

Gliadin— Wheat,  rye 4.20  0.9S  12.41  0.14  17-^ 

Hordein— Barley 4.01  0.77  1 2.04  0.23  17.21 

Zdn— Maize 2.97  0.49  12.51  0.16  16.13 

The  most  striking  feature  shown  by  this  table  is  the  wide  range 
in  the  amounts  of  basic  nitrogen  obtained  f r^m  the  different  pro- 
teins. While  the  difference  between  the  highest  total  nitrogen 
and  the  lowest  is  349  per  cent,  of  the  protein,  or  18.3  per  cent,  of 
the  highest  nitrogen,  that  between  the  highest  basic  nitrogen  and 
the  lowest  is  6.34  per  cent.,  a  difference  of  92.7  per  cent,  of  the 
highest  figure.  The  proportion  of  ammonia  yielded  by  these 
different  proteins  likewise  differs  greatly,  the  difference  between 
the  highest  and  lowest  figures  being  3.16  per  cent,  or  75.2  per  cent, 
of  the  highest  figure.  The  non-basic  nitrogen,  on  the  other  hand, 
is  much  more  constant  even  than  the  total  nitrogen,  the  difference 
between  the  highest  and  lowest  being  only  2.69  per  cent,  of  the 
protein  or  21.5  per  cent,  of  the  highest  figure. 

Apart  frcMn  the  alc(^ol-soluble  proteins,  which  all  come 
t(^ether  at  the  end  of  the  table,  no  other  relation 
depending  on   the   proportion   of  basic   nitrogen-  is   apparent. 


350  THOMAS  B.  OSBORNE  AND  ISAAC  P.  HARRIS. 

The  crystalline  globulins  from  the  hemp  seed,  squash  seed  and 
flax  seed,  as  we  have  already  said,  are  so  nearly  alike  in  solubility, 
reactions,  crystalline  form  and  composition  that  a  most  rigid  com- 
parison has  as  yet  failed  to  reveal  any  differences  which  indicated 
that  they  are  not  one  and  .the  same  chemical  individual ;  never- 
theless the  globulin  from  the  flax  seed  differs  from  the  other  two 
in  the  amount  of  basic  nitrogen  which  it  yields  by  over  i  per  cent, 
and  the  globulin  from  the  squash  seed  differs  in  the  amount  of 
ammonia  which  it  yields  by  about  0.6  per  cent.  The  molecules  of 
these  globulins  evidently  have  a  different  structure. 

In  the  table,  all  of  the  proteins  down  to  legumelin  are  globulins, 
with  the  exception  of  the  nucleovitellin,  which,  however,  as  ob- 
tained originally  from  the  ^g  yolk  in  combination  with  lecithin, 
has  the  properties  characteristic  of  globulin,  but  after  washing 
with  alcohol  it  passes  into  the  condition  in  which  it  was  used  for 
these  experiments,  in  which  it  is  no  longer  soluble  in  saline  solu- 
tions. Legumelin  and  ovalbumin,  the  proteins  next  fdlow- 
ing  in  the  table,  are  soluble  in  water  and  in  this  respect 
differ  from  those  preceding  them,  but  no  difference  in  the  pro- 
portion of  basic  nitrogen  exists  between  legumelin  and  phaseolin, 
which  is  a  pronounced  globulin,  and  ovalbumin  does  not 
contain  very  much  less. 

Those  proteins  which  are  characterized  by  dissolving  in  strong 
alcohol  present,  on  the  other  hand,  a  marked  cotitrast  to  the' 
others,  in  that  they  all  yield  far  less  basic  nitrogen  and  more 
ammonia  than  the  others,  with  the  single  exception  of  amandin 
which  3rields  the  same  amount  of  ammonia  as  does  zein  but  over 
eight  times  as  much  basic  nitrc^nen. 

The  larger  proportion  of  nitrogen  which  characterizes  so  many 
of  the  proteins  of  seeds,  compared  with  the  nitrogen  in  animal 
proteins,  appears  to  be  caused  by  a  larger  proportion  of  substances 
yielding  ammonia  and  basic  products.  Some  of  the  plant  globu- 
lins contain  nearly  as  much  basic  nitrogen  as  corresponds  to  the 
nitrogen  content  of  the  histidine,  arginine  and  lysine  which  Kossel 
and  Kutscher  found  in  the  histone  from  the  thymus  gland,  namely, 
6.43  per  cent.,  while  the  globulin  of  wheat  contains  even  more.  If, 
as  seems  probable,  the  basic  nitrogen  of  these  vegetable  proteins 
shall  be  shown  by  further  investigation  to  belong  wholly  to  the 
three  diamino  acids  named,  it  would  appear  that  the  basic  proper- 
ties of  the  proteins  are  not  caused  simply  by  the  diamino  add 
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components  of  their  molecules,  as  Kossel  and  Kutscher  suggest, 
for  the  histones  are  much  stronger  bases  than  any  of  these  vege- 
table proteins. 

This  wide  variation  in  the  proportion  of  basic  decomposition 
products  of  the  various  proteins,  as  Kossel  and  Kutscher  point 
out,  raises  important  questions  regarding  their  food  value. 

At  Kossel's  suggestion,  Szumoski,^  after  feeding  geese  and 
doves  with  maize  for  long  periods,  examined  their  various  organs 
and  tissues  for  zein,  with  negative  results.  That,  however,  zein 
is,  in  fact,  assimilated  is,  in  Szumoski's  opinion,  proved  by  the 
experiments  which  Grandeau,  Leclerc  and  Ballaqey*  made  with 
horses,  and  Rubner*  made  with  men. 

Feeding  experiments  with  "gluten  meal"  present  much  stronger 
evidence  pn  this  point,  since  they  show  that  the  proteins  of  this 
meal  are  quite  as  well  assimilated  as  those  of  cotton  seed  meal. 

The  "gluten  meal"  used  in  these  experiments  is  a  product  of  the 
manufacture  of  maize  starch  and  contains  a  large  proportion  of 
the  alcohol-soluble  zein.  The  proportion  of  alcohol-soluble  zein 
has  not  been  accurately  determined  and  doubtless  varies  with  the 
different  samples,  but  in  a  large  number  examined  at  different 
times  by  the  writer  not  far  from  25  per  cent,  of  these  meals  were 
found  to  consist  of  alcohol-soluble  zein. 

The  digestibility  of  the  proteins  of  gluten  meal  has  been  found, 
as  the  average  of  several  experiments,  to  be  88.2  per  cent.,  while 
that  of  cotton  seed  meal  is  88.4  per  cent.,*  frcxn  which  it  is  evident 
that  the  proteins  of  gluten  meal  possess  a  high  coefficient  of 
digestibility,  and  as  these  consist  largely  of  zein,  it  is  almost  cer- 
tain that  zein  is  assimilated  without  special  difficulty. 

In  order  to  show  the  relative  proportions  of  the  several  groups 
of  nitn^enoiis  decomposition  products  yielded  by  these  meals 
when  treated  with  boiling  acids,  we  took  a  portion  of  each  meal 
containing  0.1600  gram  of  nitrogen,  and  treated  it  in  exactly  the 
same  way  as  described  in  this  paper  for  the  proteins.  The  results 
were  as  follows: 

1  Zttckr.  physioi.  Chim.,  36,  198. 

*  Ann.  de  la  Seitna  A^onamsgiu,  9,  Ann.,  T.  I.,  189s. 

*  Ztsehr.  Biol ,  ig,  150  (1879^. 
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Pbrcbntage  of  Nitrogen  in  the  Different  Groups  in  the  Protbhis 

OF  THE  Meal.  Assuming  These  to  Contain  i6  Per  Cent. 

OF  Nitrogen. 

Colton  §eed  Glotea 

me«l.  meat 

Nitrogen  as  ammonia 1.53  2.38 

Basic  nitrogen 4.97  1.43 

Non-basic  nitrogen 8.67  11.63 

Nitrogen  in  magnesium  oxide  precipitate  • .  0.84  0.57 

Total  nitrogen 16.00  16.00 

These  figures  show  how  great  the  difference  is  between  the 
proportions  of  these  several  nitrogenous  groups  and,  since  no 
apparent  difference  in  food  value  exists  between  these  meals,  it 
would  seem  as  if,  from  the  standpoint  of  nutrition,  these  very  de- 
cided chemical  differences  were  of  but  little  importance. 

Since  zein  contains  16  per  cent,  of  nitrogen,  the  f^res  given 
for  the  gluten  meal  may  be  directly  compared  with  those  of  zein. 
As  the  globulin  of  the  cotton  seed  contains  18.6  per  cent,  of  nitro- 
gen, the  amount  of  meal  taken  corresponded  to  only  0.8608  gram. 
If  we  calculate  the  figures  given  for  cotton  seed  meal  to  this  basis, 
they  become  comparable  with  those  of  the  cotton  seed  globulin. 
In  the  following  table  the  results  of  this  comparison  are  shown. 

Protein  in       Globulin  of  Protein  in 

cotton  seed      cotton  seed  gluten 

meal.  meal.  Zein.  mcnl. 

Nitrogen  as  ammonia  •  •     1.77  1.93  3.97  3.58 

Basic  nitrogen 5.77  5.71  0.49  1-43 

Non-basic  nitrogen 10.13  ii.oi  13.51  11.63 

Nitrogen  in  magnesium 

oxide  precipitate* ••    0.98  ••••  0.16  0.57 

Total  nitrogen 18.64  18.64  16. 13  16.00 

From  these  figures  it  appears  that  the  total  protein  of  the  cotton 
seed  meal  yields  practically  the  same  proportion  of  decomposition 
products  as  the  cotton-seed  globulin,  the  differences  shown  bong 
unquestionably  due  to  the  greater  amount  of  humus  arising  from 
the  carbohydrates,  whereby  a  larger  amount  of  nitrogen  appears  in 
the  ''MgO  pp.''  and  a  smaller  amount  as  ammonia.  In  the  case  of 
gluten  meal,  it  is  evident  that  some  protein  other  than  zein  is  also 
present,  but  its  proportion  is  not  indicated  by  the  figures. 
Loewi^  has  just  shown  that  a  dog  can  be  kept  in  nitrogenous 

I  Archiv.  /.  Exper.  Path,  m.  Pharm.y  48,  903  (1903). 
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equilibrium  or  even  gain  nitrogen  when  fed  with  food  containing 
protein  decomposition  products  which  are  wholly  free  from  any 
substance  giving  the  biuret  reaction,  that  is,  with  food  containing 
no  protein  whatever.  The  animal  can  therefore  synthesize  pro- 
tein from  a  mixture  of  the  crystallizable  products  produced  by 
decomposition  of  protein.  Since  such  a  wide  difference  exists 
between  the  proportions  in  which  the  several  groups  of  products 
are  yielded  by  the  different  food  proteins,  this  synthesis  must  con- 
sist in  something  more  than  a  recombination  of  the  several  frac- 
tions of  the  molecule  of  the  food  protein ;  it  must  involve  a  more 
or  less  extensive  alteration  of  these  fractions  and  conversion  of 
one  into  another  before  the  requisite  number  of  groups  of  proper 
nature  are  at  hand  from  which  the  new  molecule  can  be  con- 
structed. 

If  we  consider  the  probable  number  of  these  groups  and  the 
many  kinds  of  them  which  must  take  part  in  this  synthesis,  the 
selective  and  constructive  power  of  the  cells  in  which  this  process 
takes  place  appears  to  be  very  great.  Hofmeister^  states  that  if 
a  mean  molecular  weight  of  130-140  is  assumed  for  the  splitting 
products  of  the  protein  molecule,  there  must  be  at  least  40  such 
groups  in  the  protein  molecule  if  its  molecular  weight  is  5,000,  or 
120  groups  if  it  is  15,000. 

There  are  already  about  twelve  different  kinds  of  these  groups 
known  which  are  primary  decomposition  products  of  the  protein 
molecule.  The  complexity  of  the  process  whereby  the  new  pro- 
tein molecule  is  constructed  from  the  decomposition  products  of 
the  food  protein  is  thus  easily  apparent. 

The  fact  that  so  many  of  the  vegetable  proteins,  which  serve 
extensively  as  food,  have  been  shown,  by  our  present  investigation, 
to  yield  such  different  proportions  of  the  various  nitrogenous  de- 
composition products,  as  compared  with  the  animal  proteins, 
makes  it  a  matter  of  the  greatest  interest  and  importance  to  know 
something  more  of  the  processes  involved  in  this  synthesis. 

«  **  Brgcbnisie  der  Physiol.,'*  Vol.  I,  p.  774- 
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THE  COiVlPOSITION  OF  THE  TUBERCLE  BACILLI  DERIVED 
FROM  VARIOUS  ANIMALS.' 

By  B.  a.  db  Schwbxnxtz  and  M.  Dorset. 

Received  Juu&rjr  17. 190$. 

Continuing  our  work  as  published  in  this  Journal,  17,  605 ; 
18,  449 ;  so,  618,  we  have  submitted  to  examination  tubercle 
bacilli  from  various  sources ;  namely,  bovine  bacilli,  swine  bacilli, 
horse  bacilli,  avian  bacilli,  attenuated  human  bacilli  and  virulent 
human  bacilli. 

In  preparing  these  germs  for  analyses  all  were  grown  upon 
liquid  media.  After  the  cultures  had  been  allowed  to  develop  for 
a  sufficient  length  of  time,  they  were  all  filtered  in  the  same  way, 
washed  in  the  same  way  so  as  to  remove  from  the  germs  them- 
selves, any  mechanically  adherent  culture  media,  and  necessarily 
at  the  same  time,  a  large  portion  of  the  water-soluble  matter.  The 
germs,  subsequently  dried  in  vacuo,  were  submitted  to  analysis, 
first  by  extracting  with  ether,  then  with  alcohol  and  then  with 
chloroform.  A  comparison  of  the  amounts  of  these  extracts 
shows  that  the  largest  percentage  of  fat  was  obtained  from  the 
attenuated  human  bacilli,  and  from  the  others  in  the  following 
order:  Horse,  virulent  human,  bovine,  avian,  swine. 

In  our  earlier  article  upon  the  mineral  constituents  of  the 
tubercle  bacilli,  published  in  this  Journal,  x8,  449,  the  per- 
centage of  phosphoric  pentoxide  was  found  to  be  a  little 
over  55  in  the  human  germ.  As  will  be  noted  in  Table 
II,  the  percentage  of  phosphoric  pentoxide  in  these  human  genns 
was  found  to  be,  in  the  virulent,  over  60  per  cent.,  in  the  attenu- 
ated over  70  per  cent.  In  comparing  these  figures  with  the  earlier 
results,  it  should  be  remembered  that  the  germs  used  for  obtain- 
ing the  earlier  data  were  grown  upwi  the  ordinary  glycerine 
media  to  which  no  phosphates  had  been  added,  while  all  of  the 
present  germs  were  grown  upon  a  medium  intentionally  rich  in 
phosphates.  The  amount  of  material  available  for  the  phosphoric 
pentoxide  determinations  here  reported  was  also  small,  so  that 
there  may  be  some  slight  error  due  to  manipulation,  but  allowing 
for  these  facts,  it  is  very  evident  that  all  of  these  tubercle  bacilli 

1  Read  at  the  Washington  meeting  of  the  American  Chemical  Society. 
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are  voracious  consumers  of  phosphoric  oxide,  in  which  property 
they  correspond  to  a  great  many  other  plants. 

Aronson's  assumption  that  the  extractive  matter  of  the  tuberde 
bacilli  was  very  largely  fatty  adds^-a  condusion  which  does  not 
follow  from  the  methods  that  he  has  reported  in  his  artide,  led  us 
to  make  some  preliminary  determinations  of  the  possible  free  add 
present  in  our  various  extracts.  Kresling  conduded  that  the 
chloroform  extract  of  the  human  tuberde  badlli  contains  about 
14  per  cent  of  free  fatty  acid.  Our  determinations  of  the  possible 
free  fatty  add  were  based  upon  the  add  value  as  secured  by 
titration  with  N/io  sodium  hydroxide.  The  results  are  recorded 
in  Table  III. 

The  add  value  was  determined  both  in  the  ether  and  alcohol 
extracts  separately.  The  total  acid  value  noted  in  Table  III 
shows  that  the  highest  add  value  was  obtained  from  the 
virulent  human  and  the  others  in  the  following  order:  Swine, 
attenuated  human,  avian,  bovine  and  horse.  In  the  last 
column  are  given  the  total  percentages  of  the  free  acids  in  the 
whole  germ  counted  as  oldc  acid.  The  adds  were  all  calculated 
as  oleic  for  the  purpose  of  making  a  satisfactory  basis  for  conr- 
parison. 

Until  we  have  completed  the  determinations  of  the  exact  char- 
acter of  the  ether,  alcx^ol  and  chloroform  extracts  obtained  from 
these  various  bacilli,  which  are  in  progress  at  present,  much 
speculation  in  regard  to  the  relation  of  the  composition  of  the 
germ  to  its  character  and  virulence  is  not  warranted.  It  is  inter- 
esting to  note,  however,  that  the  percentage  of  alcohol  extract 
obtained  from  the  avian  badlli  is  very  much  greater  than  that 
obtained  from  any  of  the  other  germs,  while  the  percentage  of 
chloroform  extract  in  the  bovine  bacilli  and  virulent  human 
badlli  is  almost  exactly  the  same,  there  being  but  little  chloroform 
extract  obtained  from  the  horse,  swine  and  avian  germs,  while  a 
considerably  larger  amount  is  secured  from  the  attenuated  human 
germ.  The  variation*  in  the  amount  of  ether  extract  has 
already  been  noted.  The  results  certainly  indicate  that  as  there 
is  a  variation  in  the  morphology  of  tubercle  bacilli  derived  from 
different  sources,  depending  upon  their  surroundings,  so  there  is 
a  variation  in  the  composition  of  the  germ  cells  thettiselves.  They 
show,  further,  a  point  which  should  be  especially  emphasized,  that 
there  is  a  greater  difference  between  the  two  human  germs,  the 
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one  attenuated,  ncm-pathogenic  for  guinea  pigs,  the  other  almost 
as  pathogenic  for  guinea  pigs  as  the  bovine  germ,  than  there  is 
between  the  virulent  human  and  the  bovine  and  horse  bacilli.  It 
is  certainly  not  an  unwarranted  assumption  that  possibly  this  loss 
of  virulence  in  the  human  germ  is  due  to  the  fact  that  the  bacilli 
have  acquired  through  their  prolonged  saprophytic  existence,  and 
their  consequent  immunity  from  the  attacks  of  phagocytes  andodier 
protective  substances  of  the  animal  body,  the  property  of  produc- 
ing smaller  amounts  of  poisonous  substances,  while  in  the  case  of 
the  virulent  human  bacilli,  the  bovine,  horse  and  swine  germs,  whicfa 
do  not  produce  nearly  so  large  an  amount  of  harmless  &tty  sub- 
stances, and  consequently  contain  a  lower  percentage  of  extrac- 
tive matter,  the  relative  amount  of  poisonous  proteid  produced  is 
greater.  That  this  proteid  matter,  belonging  to  the  class  of 
nucleoproteids,  as  was  already  pointed  out  by  ourselves  in  189s  in 
the  article  above  referred  to,  is  one  of  the  principal  poisons  of  the 
tubercle  bacilli,  has  been  well  demonstrated ;  and  if  the  bacilli  are 
able  to  produce  larger  amounts  of  these  poisonous  substances,  it 
would  necessarily  follow  that  they  are  much  m(M%  virulent.  A 
further  study  of  these  proteid  substances  is  in  progress,  as  well  as 
the  identification  of  the  free  fatty  acids,  fats,  waxes  and  other 
extractive  material. 

As  pointed  out  by  the  writers  in  1897,*  there  is  present  in  the 
cultures  of  human  bacilli  a  very  virulent  add-like  necrotic  sub- 
stance readily  soluble  Iq  water.  This  substance,  as  well  as  those 
of  a  similar  nature,  was  necessarily  extracted  in  the  preparation  of 
the  germs  for  analysis,  and  hence  does  not  come  into  considera- 
tion in  this  report. 

Our  results  here  recorded  indicate  the  relationship  between  the 
tubercle  bacilli  derived  from  various  sources  and  emphasize  the 
difference  between  attenuafed  and  virulent  human  tubercle  bacilli. 
It  must  be  remembered  that  these  analyses  were  only  upon  one 
representative  of  each  of  the  different  bacilli,  yet  the  results  in 
the  htunan  germs  correspond  so  closely  with  those  obtained  in 
1895  ^^^  ^Iso  those  reported  by  other  workers,  that  we  can  assume 
a  like  composition  for  the  bacilli  obtained  from  similar  sources. 

1  De  SchwdaiU  §nd  Donet :  CmtrbL  /ir  Sakt.  u.  FvHL,  AtMt  i,  aa,  ao9  (1897). 
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Tabi^b  II.— Ash  and  Phosphorus  in  Tubbrclb  Bacilli.* 

PfOiindiy     PfOkta 
Moisture.         Ash.  bacilli.  aah. 

Percent.       Percent      Percent.      Perceat 

2.43  3.66  1.56  58.54 


Bovine  bacilli 

Swine  bacilli 

Horse  bacilli 

Avian  bacilli 

Human  bacilli  (atten. ) . 
Human  bacilli   ( vir . ) . . 


.2.48  2.67  1.55  58.04 

2.26  2.37  1.30  55-<» 
2.06  2.31  1,31  56.48 

2.27  3.63  2.07  55.68 
2.42  3.55  2.02  55^ 
2.40  3.96  2.22  55.9* 
••••  3.94  ».I9  55-^3 
2.67  2.44  1.79  73-49 

^2.58  2.31  1.71  74.38 

3.91  3.94  2.50  63.47 


1 3- 70  392  2.38  60.90 

*  Determinations  by  Jsmes  A.  Bmery. 


[Contribution  from  thb  Laboratory  op  thb  Burbau  op  Imtbehu 
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The  Act  of  May  9,  1902,  makes  this  product,  as  specifically  de- 
fined therein,  subject  to  Federal  control,  placing  its  production, 
transportation  and  sale  under  restrictions  similar  to  those  imposed 
upon  oleomargarine,  which  product  is  also  made  the  subject  of 
new  legislation  by  the  same  act. 

Without  entering  into  detail  concerning  the  provisi<His  of  the 
new  law,  its  main  features  may  be  briefly  stated,  as  follows:  It 
defines  two  classes  of  oleomargarine,  one  taxable  at  %  cent  per 
pound,  and  the  other  at  10  cents  per  pound,  and  three  classes  of 
butter.  Of  the  latter,  one  class  is  normal  or  statutory  butter,  de- 
fined for  purposes  of  comparison,  and  exempt,  of  course,  from 
taxation  or  supervision;  one  class  is  "process  or  renovated 
butter,"  taxable  at  yi  cent  per  pound,  the  same  rate  as  that  laid 
upon  oleomargarine  free  from  artificial  coloration;  and  the 
third  class  is  "adulterated  butter,"  subject  to  a  tax  of  10  cents  per 
pound,  the  same  rate  as  artificially  colored  oleomargarine. 

The  sale  of  renovated  butter  is  not  so  closely  regulated  as  Aat 
of  oleomargarine,  as  no  special  tax  is  required  from  wholesale  or 
retail  dealers,  so  that  government  control  does  not  follow  it  to  tb' 

1  Retd  at  the  Washington  meeting  of  the  American  Chemical  Society. 
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purchaser.  The  clause  concerning  the  prohibition  of  ingredients 
deleterious  to  health  in  oleomargarine  is  not  made  applicable  to 
renovated  butter,  but  the  manufacture  of  the  latter  product  is 
made  subject  to  the  supervision  of  the  Bureau  of  Animal  Industry 
of  the  Department  of  Agriculture,  a  provision  doubtless  intended 
to  serve  the  same  purpose.  Moreover,  by  a  somewhat  peculiar 
interweaving  of  definitions,  renovated  butter  loses  its  status  as 
such,  and  becomes  "adulterated  butter"  under  certain  conditions, 
and  is  then  subject  to  the  high  rate  of  tax  imposed  upon  that 
product.  During  the  first  three  months  of  the  operation  of  the 
law,  there  were  produced  in  the  United  States,  as  shown  by  the 
Annual  Report  of  the  Commissioner  of  Internal  Revenue  for  1902, 
5,8791833  pounds  of  renovated  butter,  about  one-half  as  much  as 
the  total  quantity  of  oleomargarine  produced  during  the  same 
period. 

Subject  to  the  control  of  two  different  departments  of  the 
general  government,  and  also  to  restrictive  laws  in  many  of  the 
States,  renovated  butter  has  come  to  be  a  product  of  considerable 
interest  ^o  chemists,  and  it  is  highly  desirable  to  obtain  some 
knowledge  of  the  character  of  the  changes  undergone  by  the 
butter- fat  in  the  processes  to  which  it  is  subjected  by  the  methods 
employed.  A  brief  description  of  the  ordinary  methods  of  reno- 
vation as  practiced  in  most  of  the  factories  at  the  present  time 
may  not  be  amiss.  The  raw  material  or  "stock,"  as  it  is  termed, 
consists  of  butter  which  is  not  salable  for  direct  consumption, 
either  because  it  has  deteriorated  through  rancidity,  mold,  or  other 
causes,  or  because  it  was  produced  by  careless  or  ignorant  makers, 
who  were  unable  to  give  it  an  attractive  appearance  or  flavor. 
The  country  grocery  store,  which  assembles  small  lots  or  parcels 
of  butter  from  many  makers,  and  dumps  all  together,  indiscrimi- 
nately, good,  bad,  and  indifferent,  is  the  recruiting  ground  for 
most  of  the  material.  In  the  earlier  days  of  the  industry,  the 
stock  obtainable  for  renovating  purposes  was  but  a  shade  better 
than  the  soap-fat  grade,  but  competition  has  advanced  the  price, 
and  the  increased  demand  has  secured  a  more  prompt  marketing 
of  the  material,  so  that  much  of  it  has  not  greatly  deteriorated 
from  its  original  condition  when  it  reaches  the  renovating  factory. 
The  character  of  the  renovated  product  has  correspondingly  im- 
proved, especially  in  its  keeping  qualities.  The  best  grades  ap- 
proxinute  the  lower  grades  of  creamery  butter,  the  chief  defect 


36o  CHARLES  A.  CRAMPTON. 

being  the  loss  of  "grain"  through  the  operation  of  melting,  a  qual- 
ity which  is  only  partially  restored  by  subsequent  granulation  in 
ice  water. 

The  first  step  in  the  process  is  the  separation  of  the  fat  from  the 
water  and  curd  by  melting  and  settling.  The  curd  and  salt  water 
are  drawn  off  from  beneath  the  oil,  or  sometimes  the  whole  is 
passed  through  a  separator.  Whatever  bad  flavor  is  inherent  in 
the  curd  is  separated  in  this  operation,  and  the  fat  is  ready  for  the 
next  treatment,  which  is  the  aeration  or  "blowing"  with  air.  This 
is  sometimes  supplemented  by  a  bath  of  water,  and  renovators 
have  been  accused  of  using  chemical  agents  at  this  stage  of  the 
procedure,  but  they  claim  that  such  treatment  has  not  been  found 
successful,  doubtless  from  the  tendency  towards  saponification, 
and  that  the  main  reliance  is  upon  the  blowing  to  remove  disagree- 
able odors,  and  leave  a  fairly  neutral  fat.  This  is  then  emulsified 
with  fresh  milk,  which  has  been  inoculated  with  a  bacterial  culture 
after  improved  creamery  methods,  and  the  whole  is  chilled,  gran- 
ulated and  churned.  The  subsequent  working  of  the  butter  and 
packing  for  market  is  similar  in  all  respects  to  the  customary 
treatment. 

It  will  be  seen  from  the  above  description  of  the  method  of  its 
preparation  that  renovated  butter  cannot  be  expected  to  vary 
greatly  from  ordinary  butter  in  its  chemical  composition.  The 
only  differences  must  arise  from  the  substitution  of  a  different 
buttermilk  for  that  originally  present,  and  whatever  changes  have 
been  brought  about  in  the  butter-fat  by  the  manipulations  tc 
which  it  has  been  subjected.  In  the  appended  table  I  have 
brought  together  the  average  results  of  the  analysis  of  75  samples 
made  in  this  laboratory  during  the  first  four  months  of  the  opera- 
tion of  the  law.  The  samples  were  produced  at  licensed  factories 
located  in  different  parts  of  the  United  States,  and  were  accompa- 
nied in  most  cases  by  affidavits  of  the  producers  to  the  effect  that 
the  samples  fairly  represented  their  product.  In  other  cases  they 
were  taken  by  government  officers. 

Tlie  methods  of  analysis  used  were  essentially  those  of  the  Asso- 
ciation of  Official  Agricultural  Chemists ;  the Reichert-Meissl  value 
was  determined  strictly  in  accordance  with  Wollny's  procedure, 
as  officially  prescribed  by  the  English  government.*  The  percent- 
age of  water  was  determined  by  difference  and  also  by  dryings 

A  Analyst,  35,  309  (xgoo). 
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direct.  The  latter  is  the  figure  used  in  passing  upon  the  liability 
of  the  butter  to  tax  as  "adulterated  butter/'  on  account  of  contain- 
ing an  excessive  quantity  of  "water,  milk  or  cream."  The  regu- 
lations fix  the  maximum  limit  at  16  per  cent.,  following  European 
precedent  in  this  respect. 

Tablb  of  Avbragbs. 
^^     -  ? 

S     8      §     B      §1   I        1      I      I      I  s 

!  t    *  is  a  ife  ^«-  l|   I         I   8 

i  I  t  u  V  P^  r  p  I    I    II 

S2.05   1.47   2.85    14.44   14.42  0.9106  J.4608  29.15  4i.6*»  4905**  6.57  36.78 

Of  the  above,  the  percentage  composition  figures  and  the  re- 
fractive index  and  Reichert-Meissl  value,  represent  the  mean  of 
all  the  samples;  the  specific  gravity  was  determined  upon  fifty- 
eight  only,  the  Crismer,  Valenta  and  acidity  values  upon  fifty- 
four,  and  the  iodine  value  upon  twenty-five. 

The  maximum  percentage  of  fat  in  any  sample  was  88.88,  the 
minimum,  68.80 ;  curd,  maximum,  2.65  and  minimum,  0.77 ;  ash, 
maximum,  7.49  and  minimum,  0.97 ;  maximum  of  water  by  direct 
determination,  23.17  and  minimum,  8.01 ;  maximum  of  specific 
gravity,  0.9124  and  minimum,  0.9093 ;  maximum  refractive  index, 
14619  and  minimum,  1.4600;  the  maximum  Reichert-Meissl 
value,  31.82  and  the  minimum,  25.42.  The  highest  Crismer  value 
was  54.80**,  the  lowest,  43.2'' ;  the  highest  Valenta  value  was  50"*, 
the  lowest,  33.5** ;  the  highest  acid  figure  was  13.40,  the  lowest, 
1.72;  the  highest  iodine  value  was  41.15,  the  lowest,  34.20. 

Of  particular  interest  was  the  water  determination,  in  view  of 
the  definition  of  adulterated  butter  in  the  law.  Eight  of  the 
samples  gave  results  in  excess  of  the  maximum  limit  prescribed 
by  the  regulations,  as  shown  by  the  following  table : 

On  account  of  the  heavy  tax  imposed  upon  the  manufacturers 
of  adulterated  butter  by  the  law,  it  is  desirable  that  the  product  of 
renovated  butter  factories  should  be  carefully  controlled  by  the 
persons  responsible  for  their  operation,  in  order  that  it  be  kept 
well  within  the  prescribed  limit  in  content  of  water.  The 
difficulties  in  the  way  of  an  accurate  determination  of  this  con- 
stituent in  a  fatty  substance  like  butter  are  well  known.  These 
diffiailties  apply  both  to  the  sampling  and  to  the  determination 
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Anai«ysis  op  Rbnovated  Buttbrs  Showing  a  Higher  Comtbht  op 
Water  than  16  Per  Cent. 

■  -■  •      " 
I        ^-       1«   ^2  L^   i    ll  lis 

I  I   I  t  u  I'  P^  r  P  t    ill 

5735  75*64  1.73  2.95  20.62  19.68  0.9103  1.4605  30.99  48.8  ^  42.0**  6.11  36.9S 

5795  77."  0.77  0.97  20.32  21.14  0.9108  1.4603  30.13  47.68*»  42.5**  7.30  34.70 

58r3  79.81  1.69  1.09  17.36  17.41  0.9112  1.4605  28.58  50.33**  38.5**  7.66  37.35 

5877  78.34  1.52  2.83  18.01  17.31  0.9104  1.4617  26.52  49.68**  42.0®  6.04 

5902  77.44  1.20  2.08  20.07  19.28  0.91 12  1.4608  29.49 

5995  79.60  1.73  2.36  16.74  16.31  0.9096  1.4917  26.53 

6006  68.80  2.47  6.29  23.17  22.44    1.4613  28.48 

6139  75.91  1.57  6.12  16.58  16.40    1.4607  28.64  48.28^  40.0^*9.28 

itself.  While  the  average  figures  for  the  direct  and  indirect  esti- 
mation as  given  above  are  in  very  close  agreement,  the  table  of 
analyses  shows  a  very  wide  difference  in  both  directions.  In 
several  samples,  the  percentages  by  the  two  different  methods 
are  over  i  per  cent,  apart,  and  one  varies  by  1.70  per  cent.  The 
direct  estimation  by  drying  was  used  in  all  cases  in  p>assing  upon 
the  classification  of  the  butter. 

TESTS  for  renovated  BUTTER. 

The  behavior  of  each  sample  under  the  different  tests  which 
have  been  suggested  for  the  identification  of  renovated  butter  was 
studied.  The  tests  used  were:  First,  the  appearance  of  the  fat 
when  viewed  by  polarized  light  (Brown-Taylor-Richards  test  for 
melted  fat)  ;^  second,  the  behavior  of  the  fat  when  boiled  in  an 
open  vessel  (generally  known  as  the  "spoon  test")  ;  and  third, 
the  granulation  or  "gathering"  of  the  fat  when  cooled  in  milk 
(  Waterhouse  test ) . 

These  tests  are  described  in  the  methods  of  the  Association  of 
Official  Agricultural  Chemists,  and  the  last-named  especially  is 
quite  fully  discussed  by  Patrick,  in  the  proceedings  of  the  same 
association  for  1901,  p.  126,  and  made  applicable  to  household 
conditions  for  detecting  oleomargarine,  in  Farmer's  Bulletin,  No. 
131,  of  the  U.  S.  Department  of  Agriculture.  Applied  to  the 
above  known  samples  of  renovated  butter,  all  the  tests  failed  to 
give  positive  results  in  one  or  more  instances. 

1  See  This  Jouraal  aa,  703  (1900). 
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No.  6044  did  not  respond  to  the  Waterhouse  test,  and  No.  5736 
failed  with  the  spoon  test,  while  several  of  the  samples  did  not 
give  positive  indications  of  melted  fat  under  the  microscope.  Of 
the  three,  the  Waterhouse  test  was  found  most  reliable  and 
definite  in  its  indications.  The  principle  of  this  test  has  been  used 
by  a  recent  writer  as  the  basis  of  a  quantitative  separation  of 
butter  from  oleomargarine.* 

Hess  and  Doolittle'  differentiate  between  fresh  and  renovated 
butter  by  the  character  of  the  curd.  Their  qualitative  test,  based 
upon  the  appearance  of  the  separated  curd,  has  given  no  satisfac- 
tion whatever  in  this  laboratory ;  and  no  work  has  been  done  upon 
their  quantitative  distinction  based  upon  the  relation  of  casein  to 
albumins. 

EXPERIMENTS  TO  DETERMINE  CHANGES  BROUGHT  ABOUT  IN  BUTTER- 
FAT  BY  AERATION. 

Having  in  mipd  the  very  radical  changes  brought  about 
in  oils  by  the  process  of  "blowing,"  or  oxidation,  I  thought 
it  would  not  be  difficult  to  establish  differences  in  the  composition 
of  butter-fat  brought  about  by  the  aeration  to  which  it  is  subjected 
in  the  process  of  renovation.  Either  because  lower  temperatures 
are  maintained,  however,  or  for  other  reasons,  no  decided  changes 
appear  to  be  produced,  and  the  results  of  the  few  foperiments  I 
have  been  able  to  make  in  this  direction  are  negative.  I  will 
detail  them  here,  however,  hoping  the  matter  may  be  further  in- 
vestigated by  others: 

A  sample  of  high-grade  creamery  butter  was  purchased  early 
in  the  summer  and  a  portion  of  it  was  subjected  to  analysis.  It 
was  then  freely  exposed  to  the  atmosphere  of  the  la^ratory,  and 
even  inoculated  with  rancid  butter  to  hasten  its  deterioration.  It 
was  kept  under  these  conditions  throughout  the  summer,  about 
three  months,  at  the  end  of  which  period  it  had  greatly  deterio- 
rated, but  was  not  nearly  so  rancid  or  offensive  as  might  have  been 
expected.  A  portion  was  again  taken  for  analysis  and  the  remainder 
was  melted,  and  the  fat  subjected  to  the  process  of  renovation,  as 
nearly  as  it  could  be  approximated  in  the  laboratory.  The 
aeration  could  not  be  very  well  carried  out,  however,  and  the 
final  result  was  not  very  satisfactory,  so  far  as  the  practical  im- 

>  Deguide :  J.  Pkarm.  CAi'm.,  i6,  373  (1903);  Aba./-  Soc.  Ckem,  Ind.y  ai,  1353  (1902). 
'  This  Journal,  as.  150  (1900). 
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provement  of  the  flavor  of  the  fat  was  concerned.  No  attempt 
was  made  to  rechum  the  butter,  and  the  last  analysis  was  made 
upon  the  renovated  fat.  The  results  of  the  three  analyses  are 
given  in  the  following  table : 

Seriai,  No.  4975. 

After  baTinjF  After 

Fresh.         become  mncid.      renovatloD. 

Fat,  percent 88.81  88.70  

Water,  per  cent 8.07  7.17  .... 

Curd,  per  cent 1.16  1.36  .... 

Ash,  per  cent 1.96  2.77  

100.00  100.00  .... 

Values  for  fat. 

40^ 

Specific  gravity  at  ^  C 0.9106  0.9117  0.9117 

40 

Refractive  index  at  25^  C i  .461 2  i  .4613  i  .4614 

Reichert-Meissl  value 27.97  27.27  27.46 

Acid  value,  cc.  normal  alkali  required 

for  100  grams  fat 4.28  4.28 

Hehner  value 88.94  85.43  85.23 

Valcnta  value 44-75®  49»**  4^-** 

Crismervalue 58.5®  49.7**  49-7® 

Saponification  value 217.3  217.3  214.8 

Soluble  fatty  adds,  per  cent 4.63  3.77  3.89 

It  will  be  feen  that  the  fat  values  of  the  butter  after  renovation 
differ  less  from  those  of  the  butter  before  renovation  than  the 
latter  differ  from  the  values  of  the  fresh  butter.* 

Through  the  courtesy  of  a  firm  of  local  manufacturers,  an  op- 
portunity was  offered  to  take  samples  of  butter  before  and  after 
renovation  in  the  regular  work  of  the  factory.  Two  sets  of 
samples  were  taken  on  two  different  days;  it  was  not  found 
possible  to  make  the  samples  all  strictly  comparative  on  account 
of  the  difficulty  of  sampling  the  material  in  solid  form,  and  for 
other  reasons.  The  samples  of  butter-fat  before  and  after  blow- 
ing, however,  are  believed  to  be  very  closely  ccnnparable,  having 
been  taken  from  a  single  vessel  containing  a  large  quantity  of  the 
material,  the  one  before,  and  the  other  after  it  had  been  subjected 
to  the  aerating  process. 

The  following  table  gives  the  results  obtained : 

1  Compare  this  Journal,  94,  71X  (190a). 
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The  greatest  variation  in  any  of  the  values  obtained  from  the 
butter-fat  is  shown  by  the  Reichert-Meissl  value.  In  the  first 
series  of  samples,  the  Reichert-Meissl  value  of  the  fat  is  higher 
after  blowing  than  before,  while  in  the  second  series  it  is  just  the 
reverse.  I  am  unable  to  account  for  this.  The  variations  in  the 
other  values  are  slight,  and  no  definite  conclusion  can  be  drawn 
from  them.  Apparently  the  differences  in  the  composition  of 
butter-fat  brought  about  by  renovation,  if  any,  are  minute,  and 
a  long  series  of  comparative  analyses  would  be  necessary  to  de- 
velop them. 

For  the  present,  reliance  must  be  placed  upon  the  physical  tests 
for  melted  fat,  as  previously  detailed. 

I  am  indebted  to  Messrs.  Simons,  Adams,  and  Law,  assistants 
in  the  laboratory,  by  whom  the  analytical  work  was  performed. 


[Contributions  from  the  Sheffieu)  Laboratory  of  Yale  Uhivhi- 

SITV.] 

ON  SOne  ALDEHYDE  CONDENSATION  PRODUCTS  OF 
ARYLPSEUDOTHIOHYDANTOINS. 

By  Hbnry  I,.  Whbblbr  axcd  Gborgr  S.  Jamibson. 
R«c«ivcd  January  as.  1900. 

In  the  course  of  our^  work  on  the  molecular  rearrangement  of 
thiocyanacetanilides  it  was  found  that  certain  stable  pseudothio- 
hydantoins  gave  diacetyl  derivatives  when  wanned  with  acetic 
anhydride,  and  it  was  shown  that  these  acetyl  compounds  did  not 
behave  like  acetoacetic  acid  derivatives.  This  would  seem  to 
indicate  that  the  group  — CO — CHj — S —  is  not  present  in  the 
stable  pseudothiohydantoins. 

It  has  been  shown,  however,  by  Andreasch*  that  the  non- 
substituted  pseudothiohydantoin  condenses  with  benzaldehydc 
and  behaves  like  other*  compounds  which  contain  the  above  group; 
and  we  have  now  found  that  substituted  pseudothiohydantoins, 
which  are  to  be  represented  by  formulas  I,  II  and  III,  arc  also 
capable  of  condensing  with  aldehydes  and  with  oxalic  ester. 
The    stable   pseudothiohydantoins    (I)    therefore   behave  in  a 

1  Wheeler  and  Johnson  :  Am.  Ckem.J.,  a8,  tax  (1902). 

*  Monatsh.  Chem.,  8,  407. 

'  hoytn  :  Btr.  d.  chem.  Get.,  18,  324a  (1885);  Nencki  and  Sieber  :  /Hd.^  17,  txfi  (104): 
Ginsberg  «nd  Bondxynski :  Ibid.,  19, 119  (t886);  Momatsh.  Chtm.,  8,  358  (188;);  Andrctfch: 
Ibid.,  8,  407,  10,  75  (1889). 
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tautomeric  manner  in  regard  to  their  reactions  with  acetic  anhy- 
dride and  aldehydes. 

CH,— S  CH,— S  CH,— S 

II  II  II 

CO     C=NR  CO     C=NR  CO     C— NRR'. 

\  /  \  /  \^ 

NH  NR  N 

I.  II.  III. 

The  condensation  products  which  we  have  obtained  vary  in 
color  from  light  yellow  to  deep  red  and  have  the  properties  of 
weak  dyes;  in  this  they  resemble  the  corresponding  products  of 
rhodanic  acid,  a-/i-diketotetrahydrothiazole,  and  the  non-substi- 
tuted pseudothiohydantoin  with  salicylic  and  cinnamic  aldehydes 
which  have  been  described  by  Andreasch  and  Zipser.^ 

Benzaldehyde  and  Phenylpseudothiohydantoiu, 
C,H,CH-C— S 

CO  C=NC,H5. 

NH 
Ten  grams  of  the  stable  phenylpseudothiohydantoin  were  dis- 
solved in  about  150  cc.  of  alcohol  containing  1.2  grams  of  sodium. 
To  this  solution  5.3  grams  of  benzaldehyde  were  added  and  the 
mixture  was  heated  for  several  hours.  The  alcohol  was  then 
evaporated,  water  and  dilute  acetic  acid  were  added  and,  after 
thorough  stirring,  the  yellow  precipitate  was  filtered,  washed  and 
dried.  The  yield  of  this  crude  material  corresponded  with  the 
theoretical.  For  analysis  the  substance  was  crystallized  from 
alcohol  and  from  amyl  acetate,  whereupon,  minute,  slender,  light 
yellow  prisms  separated  from  both  solvents.  They  melted  at 
about  25i®-252®,  and  a  nitrogen  determination  gave: 

Calculated  for 
CioHitONsA.  Pound. 

Nitrogen lo.o  9.9 

This  compound  or  flf-keto-/i-phenylimido-/5-benzaltetrahydro- 
thiazole  is  insoluble  in  water.  It  is  fairly  soluble  in  hot  alcohol 
and  it  dissolves  in  hot  dilute  alkali  but  separates  out  again  on 
cooling ;  it  can  be  crystallized  from  dilute  hydrochloric  acid. 

The  sodium  ethylate  addition  product,  CioHijONjjS.NaOCjHs, 
is  readily  obtained  by  mixing  the  constituents  in  alcoholic  solu- 

1  Ckem.  Ztg^  a6, 54*  623  (X903). 
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tion.  It  forms  a  bright  yellow  crystalline  powder  which  melts  at 
about  263**.     Sodium  determinations  gave: 

Calculated  for  Pooiid 

CisHnOtNsSNa.  I.  n. 

Sodium 6.6  6.5  6.3 

The  silver  salt,  prepared  by  dissolving  the  condensation  product 
in  alcoholic  ammonia,  forms  a  fine,  yellow,  crystalline  powder.  A 
silver  determination  gave : 

Calcnlated  for 
Ci«HnON,SAg.  Fooad. 

Silver 27.9  28.2 

Benzalphenylbemylpscudothiohydantotn, 
C,H,CH=C S 

CHAH, 

N 

was  obtained  by  heating  the  above  sodium  ethylate  addition 
product  with  benzyl  chloride  in  an  alcoholic  solution.  Its  struc- 
ture was  shown  by  the  fact  that  the  same  compound  results  cm 
condensing  benzaldehyde  with  phenylbenzylpseudothiohydantoin. 
It  crystallized  from  alcohol  in  bunches  of  very  light  yellow  needles 
and  melted  at  i86**-i87°.     A  nitrogen  determination  gave: 

Calculated  for 
CssHiiONtS.  Poond. 

Nitrogen 7.5  7-7 

This  condensation  product  is  insoluble  in  water  and  alkali;  it 
dissolves  readily  in  hot  alcc^ol. 

Piperonalphenylpseudothiohydantdin, 
CHACeH,CH=C S 

CO  C=NCeH.. 

NH 
Three  grams  of  phenylpseudothiohydantoin,  0.36  gram  of  sodium 
and  2.4  grams  of  piperonal  were  dissolved  in  alcohol  and  wanned 
for  two  hours.  A  bright  yellow  powder  was  thus  obtained  which, 
on  crystallizing  from  alcohol,  formed  minute  crystals  melting  at 
about  259*'-26i®.     A  nitrogen  determination  gave: 

Calculated  for 
CnHigOiNsS.  Fbood. 

Nitrogen 8.6  8.7 
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This  material  is  difficultly  soluble  in  alcohol  and  amyl  acetate. 
It  dissolves  in  g^lacial  acetic  acid  and  in  hot  alkali,  but  it  is  in- 
soluble in  water. 

Metanitrobenzalphenylpseudothiohydantoin, 


NO,C.H,CH=C — S 

CO  C=NC,H^. 
NH 


This  was  prepared  in  the  same  manner  as  the  above.  It  was 
obtained  as  a  dark  brick-red  crystalline  powder  which  proved  to 
be  less  soluble  than  the  preceding  compounds.  For  analysis  it 
was  purified  by  boiling  with  alcohol  and  dissolving  in  alkali,  pre- 
cipitating with  acetic  acid  and  then  washing  with  water.  Thits 
obtained  it  did  not  melt  at  290^  and  a  nitrogen  determination 
gave: 

Calculated  for 
CieHiiOsNsS.  Pound. 

Nitrogen 12.9  12.6 

DiorthotolylpscudothiohydantOiH, 
CH,— S 

I       ! 

CO      C=NC,H,. 

NC,H, 

Fifty  grams  of  diorthotolylthiourea  and  20  grams  of  chloracetic 
acid  were  mixed  in  alcohol  and  the  solution  warmed  for  several 
hours.  Upon  cooling,  colorless,  flat  prisms  separated  which, 
on  crystallizing  from  alcohol,  melted  at  I5i°-I52**,  ,  and  a 
nitrogen  determination  gave : 

Calculated  for 

CnHieONsS.  Found. 

Nitrogen 9.4  9-7 

This  hydantoin  is  readily  soluble  in  alcohoi  and  strong  acetic 
acid  but  insoluble  in  alkali. 
Bemaldiorthotolylpseudothiohydantotn, 
C,H,CH=C — S 

I        I 

CO  C=NC,H,. 

NC,H, 
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This  formed  slender,  light  yellow  prisms,  when  crystallized  from 
alcohol,  melting  at  i79*'-i8o''.  It  is  readily  soluble  in  alcohol  and 
insoluble  in  alkali.     A  nitrogen  determination  gave : 

OAlcuUted  for 
C|4HioONtS.  Pouiid. 

Nitsx>geo 7.29  7-^5 

The  sodium  ethylate  addition  product,  C^HjoONjS.NaOCjH-, 
was  obtained  as  a  light  yellow  powder  which  did  not  melt  at  275*. 
It  was  crystallized  from  alcohol  and  analyzed  with  the  following 
results : 

CalcnUted  for  Found. 

CMH»OsNtSNa.  I.  n. 

Nitrogen 6.19  6.21  6.13 

Paradimethylaminophenylthiourea, 
HjN— CS— NHCeH^N(CH3)o,  was  prepared  from  ^-dimethyl- 
phenylene  diamine  hydrochloride  and  ammonium  thiocyanate,  in 
the  usual  manner.  On  crystallizing  from  alcohol,  it  formed  a 
pale  yellow  powder  which  melted  with  effervescence  at  iSo^^-iSi", 
giving  a  red  liquid.     A  nitrogen  determination  gave  : 

Calculated  for 
C^HuNaS.  Found. 

Nitrogen 21.53  21.38 

Paradimethylaminophenylthiohydantoic  acid, 
HOCOCH.S— C(NH)— NHQH,N(CHO„  was  obtained  from 
the  above  by  warming  with  alcoholic  ammonium  chloracetate.    It 
separated  as  a  light  yellow,  insoluble  powder. 

ParadimethylaminophenylpscudothiohyJantoin, 

CH,--S 

I  I 

CO      C=NC,H,N(CH,),. 

NH 

The  above  thiohydantoic  acid  was  warmed  with  an  excess  of 
glacial  acetic  acid  until  solution  took  place.  The  acid  was  then 
neutralized  with  sodium  carbonate  and  the  precipitate  was  washed, 
dried  and  crystallized  from  alcohol.  It  formed  a  finely  divided, 
dull  yellow  powder  which  sintered  at  about  210®  and  melted  at 
222°.     A  nitrogen  determination  gave: 

Calculated  for 

CiiHisONaS.  Foaad. 

Nitrogen 17.87  i8.ao 
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Paranitrobensdparadimethylaminophenylpsciidothiohydantoin, 
0,NC.H,CH=C — ^S 

CO  C=NC.H,N(CH,),. 

NH 

Molecular  quantities  of  paranitrobenzaldehyde,  sodium  ethylate 
and  the  above  hydantoin  were  warmed  for  several  hours  in  alco- 
holic solution.  The  alcohol  was  then  evaporated  and  the  residue 
was  treated  with  water  and  acetic  acid;  the  product  was  a  deep 
red  powder,  insoluble  in  water  and  only  slightly  soluble  in  alcohol. 
For  analysis  it  was  boiled  with  water  and  alcohol.  It  then  melted 
at  about  250**-252®  and  a  nitrogen  determination  gave : 

Calculated  for 
CitHicOaNfS.  Pound. 

Nitrogen 15.2  14.9 

Phenylpseudothiohydantoinglyoxylic  acid, 
HOCOCOCH— S 

I         I 
CO    C=NC,H,. 

\/ 

NH 

Ten  grams  of  phenylpseudothiohydantoin,  1.2  grams,  of  sodium, 
and  10  grams  of  ethyl  oxalate  were  dissolved  in  alcohol  and 
allowed  to  stand  for  two  days.  The  solution  was  then  heated  to 
boiling  for  a  few  minutes  and  allowed  to  cool.  The  yellow  sodium 
salt  which  separated  was  filtered  and  decomposed  by  dilute  acetic 
acid.  The  product  then  crystallized  from  alcohol  or  amyl  acetate 
in  minute  yellow  crystals  which  melted,  with  effervescence,  to  a 
dark  red  liquid  at  about  22i**-222*'.  A  nitrogen  determination 
gave: 

Calculated  for 
CtiH^O^N'sS.  Pound. 

Nitrogen 10.6  10.7 

This  acid  is  insoluble  in  water  and  difficultly  soluble  in  alcohol. 
Ihc  silver  salt  was  prepared  by  dissolving  the  acid  in  dilute  alco- 
holic sodium  hydroxide  and  adding  silver  nitrate.  It  formed  a 
slate-colored  amorphous  precipitate  which  gave  the  following 
result  on  analysis : 

Calculated  for 
CiiHrt04N«SAgs.  Pound. 

Silver 45.1  45.2 

Nsw  Havbiv,  Cosriv., 
Januwy  m,  1903. 
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THEORETICAL  PART, 

The  methods  for  the  production  of  alkylketodihydroquinazolincs 
from  anthranilicnitrile  all  depend  upon  the  intermediate  formation 
of  acyl  derivatives  of  anthranilamide,  which  then  condense  to  the 
quinazoline  by  loss  of  water.  In  brief,  these  methods  are  as 
follows : 

( 1 )  Preparation  of  anthranilamide  from  the  nitrile,  conversion 
to  an  acyl  derivative,  and  condensation  of  the  latter  by  the  action 
of  heat,  acids  or  alkalies,  as  worked  out  by  Weddige  and  his 
students,  by  Niementowski  and  others:* 

/NH.  /NH. 

\CN  \CO.NH, 

/NH,  .NH.CO.R 

C,H,<  +  (R.CO),0  =  C,HX  +  R.COOH. 

X:O.NH,  ^CO.NH, 

N— C— R 
I      II 
/          IS-  -g.  /N   =C— R 

C.H«<  „i  +  heat.  etc..  =  C,h/  j  +  H,0. 

\       i 5i  x:o-N-H 

x:o— N— H 

(2)  By  the  action  of  warm  alkaline  hydrogen  peroxide  solution 
upon  acylanthranilicnitriles  :* 

^NH.  yNH.CO.R 

C.H,<  +  (R.CO),0  =  C,h/  +  R.COOH. 

^NiH.CO.R  ^NH.CO.R 


c.h/     ■     ■  +h.o=ch/ 

x:n  x:o.nh, 


N  =  C.R 


I     +H,0. 
CO— N.H 


>  Weddige:  y.  >rai/.  Ckem,  [a],  31,  134  (1885);  36, 141  (in?);  Kdnier:  /»tf..3<>iSS 
(X887);  Niemcntowiki :  Ser.  d,  ektm.  Ces.,  ai,  1534  (1888),  tad  jT.  >ral/.  Cl«if .  [a],  4«i  ^ 
(1889);  Kiiape: y./ra*/.  Ckem.  |a],  43,  309  (1891)  ;  etc. 

*  Bogert  and  BAod :  this  Jouniml,  24,  1031  (tgoa). 
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(3)  By  heating  anthraniHcnitrile  in  sealed  tubes  with  acid  anhy- 
drides :* 


yNH,  .NH.CO.R 

C,h/  +  (R.CO),0  =  C,H,<  +  R.COOH. 


yNH.CO.R  ^NH.CO.R 

C.H/  +  R.  COOH  =  C,H/ 

^CN  \C0.NH.C0.R 

N  =  C— R 


I  +  R.COOH. 

CO— N— H 


In  (i)  the  amide  is  first  formed  and  then  acylated,  in  (2) 
the  acyl  group  is  introduced  first  and  the  nitrile  then  changed  to 
the  amide,  while  in  (3)  both  reactions  are  accomplished  in  one 
operation,  the  amino  group  being  the  first  point  of  attack. 

An  examination  of  the  reactions  involved  in  methods  ( i )  and 
(2)  will  immediately  suggest  to  the  reader,  as  it  did  to  us,  the 
possibility  of  preparing  the  corresponding  thio  derivatives  by  a 
similar  series  of  reactions,  in  which  the  thiamide  should  be  the 
intermediate  product,  instead  of  the  oxygen  amide.  As  the  result 
of  the  practical  testing  in  the  laboratory  of  this  idea,  we  are  able 
to  report  the  following  new  methods  for  the  preparation  of  thio- 
quinazoline  derivatives: 

(4)  Anthranilic  nitrile  is  converted  to  the  thiamide  by  the 
direct  addition  of  hydrogen  sulphide,  the  thiamide  acylated,  and 
the  acyl  derivative  then  immediately  condenses  to  the  thioquinazo- 
line  by  loss  of  water,  the  reactions  involved  being  similar  to  those 
given  under  (i). 

(5)  The  nitrile  is  first  acylated,  hydrogen  sulphide  then  added 
to  the  cyanogen  group,  and  the  resulting  acylthiamide  condenses 
to  the  thioquinazoline  as  just  noted,  the  reactions  being  similar  to 
those  given  imder  (2). 

The  relation  of  methods  (4)  and  (5)  to  one  another  appears 
clearly  in  the  following  diagram : 

'  Bogert  and  Hand :  Loc.  cit. 
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H^  =  C.h/  .  +  (R.C0),0 

+  ^CS.NH,  I 

^NH,  .NH.CO.R 


c.h/  -h.o= 

CN  x:s.NH, 

+  /NH.CO.R     t 

(R.CO),0  =  C,h/  ,  +  H^. 

,N  =  CR  /N=C1 

C.H/  I    =C.h/        I 

\CS— NH  N;=N 


SH 

(6)  The  reactions  involved  in  method  (5)  may  be  carried  out 
practically  simultaneously  by  treating  the  aminonitrile  with  an  add 
anhydride  and  sodium  sulphide.  The  anhydride  first  acylates 
the  amino  group,  the  organic  acid  thus  separated  as  the  by-product 
liberates  hydrogen  sulphide  from  the  sodium  sulphide,  this  hydro- 
gen sulphide  attaches  itself  to  the  cyanogen,  and  the  acyl  thiamide 
thus  produced  condenses  as  usual  to  the  thioquinazoline,  the  entire 
series  of  reactions  being  completed  in  one  operation : 

/NH,  xNH.CO.R 

C.HX  +  (R.CO),0  =  C,H,<  +R.COOH. 

2RCOOH  +  Na,S  --=:  2R.COONa  +  H,S. 
/NH.CO.R  yNH.CO.R 

c,h/  +h.s  =  c.h/ 

^CN  x:s.NH, 

<N  =  CR 
I  +H.O. 
CS— NH 
The  sodium  salt  formed  probably  assists  in  some  cases  in  the 
elimination  of  the  water  for  the  final  condensation.  This  synthe- 
sis may  be  carried  out  in  open  flasks  or  in  sealed  tubes.  So  far, 
our  results  have  been  rather  better  with  sealed  tubes,  and  we  have 
found  it  advantageous  to  use  an  excess  of  the  sulphide. 

(7)  By  the  use  of  thio  acids,  in  sealed  tubes,  the  same  results 
may  be  secured,  likewise,  in  a  single  operation.  The  thio  acid  first 
acylates  the  amino  group  with  liberation  of  hydrogen  sulphide, 
and  as  this  hydrogen  sulphide  cannot  escape  from  the  tube  it  at- 
taches itself  to  the  cyanogen,  and  the  condensation  already  de- 
scribed then  takes  place : 
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yNH,  yNH.CO.R 

C,H.<  +  HS.CO.R  =  C,HX  +  H.S  = 

.NH.CO.R  /N  =  CR 

C.h/  =C.H,<  I     +H.0 

^CS.NH,  N:s-NH 

<N  =  CR         /    \/   "^C— R 
I      =  I  = 

CS-NH        k.^^/N-H 


(I) 
(7)    /    \/    "^-R  (2) 

(5)  I 

SH 

(4) 

The  thioquinazolines  obtained  by  these  reactions  belong  to  a 

diflFerent  type  frcwn  any  hitherto  recorded,  in  that  they  carry  the 

sulphur  atom  upon  the  carbon  adjacent  to  the  benzene  nucleus 

(/.  e.y  at  position  4),  while  in  those  already  known  the  sulphur  is 

attached  to  the  carbon  between  the  two  nitrogens  (i  e,,  at  position 

2),  as  in  the  following  compound  :^ 

/NH-  CS 

c.h/     '     I    . 

^CH,— NH 

In  the  preparation  of  the  methyl,  ethyl,  normal  and  isopropyl 
derivatives  by  these  methods,  the  condensation  product  invariably 
separated  in  beautiful  golden  yellow  crystals  which  were  quite 
easily  purified,  and  the  yield  in  several  cases  was  nearly  quanti- 
tative. 

EXPERIMENTAL  PART. 

o-Aminobemthiantide,  HjNCqH^CSNHj. — This  was  prepared 
by  placing  anthranilicnitrile  in  a  strong  glass  tube,  adding  alcohol 
which  had  been  previously  saturated  at  o**  with  dry  ammonia  and 

>  Oompftre  Stewart :  /.  ^akL  CAmm.,  [3],  44,  415  (1891) ;  Busch  :  Ber.  d.  chem,  Cis.^9§, 
aQ53  (189s)  ;  Pftftl  and  CommereU :  Ibt'd,,  97, 1866,  2437  (1894);  Paal  and  Vanvobrem  :  /Mtf., 
a?*  ^13  (1894) ;  Buach  and  Bninner :  /.  ^rakt.  Chem.,  [a],  59, 373  (1895)  ;  etc. 
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dry  hydrogen  sulphide,  sealing  the  tube  and  heating  at  lOo"*  for 
several  hours.  Generally,  the  thiamide  crystallized  out  as  the 
tube  cooled.  The  crystals  thus  obtained,  if  washed  with  ether,  to 
remove  unchanged  nitrile,  and  recrystallized  from  alcohol,  were 
quite  pure.  \\'here  no  crystals  separated  in  the  tube,  evaporation 
of  the  alcoholic  solution  gave  large  yellowish  cubical  crystals  of 
the  thiamide,  which  melted  quite  sharply  at  120^,  and  yet  whidi 
contained  considerable  free  sulphur,  as  shown  by  check  analyses. 
These  crystals,  when  dried,  carefully  washed  with  carbon  bisul- 
phide .(in  which  the  thiamide  is  also  partly  soluble)  and  recr}stal- 
lized  from  water,  melted  at  I2i°-i22°.  The  thiamide  may  be 
precipitated  from  its  concentrated  alcoholic  solution  by  the  addi- 
tion of  chloroform ;  or,  by  adding  water,  the  thiamide  and  nitrile 
may  be  precipitated  together  and  the  nitrile  removed  from  the 
dried  precipitate  by  washing  with  chloroform,  the  residue  being 
purified  by  recrystallization  from  water. 

The  pure  thiamide  crystallizes  in  beautiful,  light  yellow  flakes  or 
plates,  or  occasionally  in  cubical  crystals,  melting-point  I2i*'-i22*. 
It  is  difficultly  soluble  in  water,  ether  or  chloroform  in  the  cold, 
moderately  soluble  in  the  same  solvents  when  boiling,  and  soluble 
in  alcohol  or  carbon  bisulphide.  The  substance  softens  under 
boiling  water.  Some  of  the  purified  product  was  analyzed,  with 
the  following  results : 

Found. 

Calculated  for  . ^^ 

C;H.N-S.  I.  II.  III.  IV.  V. 

Carbon 55.260  55.36         

Hydrogen 5.263  5.31          

Nitrogen 18.425  ...         18.65        18.55            

Sulphur 21.052  ...  ....           ....         20.81       20.76 

Analysis  (I)  was  made  with  crystals  which  had  been  precipi- 
tated from  alcoholic  solution  by  chloroform  and  subsequently 
purified;  analyses  (II),  (III),  (IV)  and  (V)  were  made  with 
crystals  which  separated  in  the  tube  and  were  purified  by  washing 
with  ether  and  recrystallizing. 

The  thiamide  can  also  be  prepared  at  ordinary  pressure,  but  we 
have  not  found  the  yield  so  good  as  when  the  reaction  is  carried 
out  in  sealed  tubes. 

/N  =  C— CH, 

^'Afethyl'^'thioketodihydraquinazoline,  C.H^^  I 

x:s— NH 
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From  O'Aminobenjsthiamide  and  Acetic  Anhydride. — ^The  thi- 
amide  was  boiled  gently  for  some  time  with  acetic  anhydride,  and 
the  thioquinazoline  produced  purified  by  crystallization  from 
dilute  alcohol.    The  yield  was  not  very  good. 

From  Acetylanthranilicnitrile  and  Hydrogen  Sulphide. — ^The 
nitrile  was  heated  in  sealed  tubes  at  ioo°  with  alcohol  saturated* 
at  0^  with  hydrogen  sulphide  and  containing  a  little  ammonia. 
The  thioquinazoline  crystallized  out  in  the  tubes,  on  cooling,  and 
was  purified  by  crystallization  from  20  per  cent,  alcohol.  The 
yield  was  good.  The  same  synthesis  was  accomplished  «by  heat- 
ing in  an  open  flask,  but  the  yield  was  less  satisfactory. 

From  Anthranilicnitrile,  Acetic  Anhydride  and  Sodium  Std- 
phide. — By  heating  these  substances  together  in  sealed  tubes  for 
an  hour  and  a  h.alf  at  ioo*'-iio**,  the  condensation  product  w'as 
obtained  in  beautiful  crystals  and  in  good  yield:  The  contents  of 
the  tube  were  dissolved  in  dilute  sodium  hydroxide  solution,  the 
thioquinazoline  precipitated  by  a  current  of  carbon  dioxide,  and 
the  precipitate  purified  by  recrystallization  from  dilute  alcohol. 
The  tubes  should  not  be  heated  much  above  no**,  or  decomposi- 
tion is  likely  to  set  in.  This  condensation  was  also  carried  out  in 
an  open  flask.  On  mixing  the  substances,  heat  was  developed,  but 
very  little  hydrogen  sulphide  escaped.  After  heating  for  an  hour 
and  a  half,  the  mixture  in  the  flask  set  to  a  mass  of  yellow  crystals. 
These  were  washed  with  cold  water  and  purified  as  before. 

From  Anthranilicnitrile  and  Thiacetic  Acid. — When  these  sub- 
stances were  heated  together  in  sealed  tubes  the  yield  of  thio- 
quinazoline was  rarely  less  than  80  per  cent,  of  the  theoretical  and 
frequently  approached  quantitative  results.  The  condensation 
product  separated  in  the  tubes  in  crystals  which  were  practically 
pure. 

Properties  of  2'Methyl-4'thioketodihydroquinazoline. — The 
product  obtained  from  the  above  reactions  crystallizes  from  dilute 
alcohol  in  beautiful,  long,  yellowish  needles  or  prisms,  melting  at 
about  218^-219**  with  decomposition;  by  careful  heating,  it  may 
be  sublimed,  and  then  shows  a  slightly  higher  melting-point.  It 
dissolves  readily  in  alkalies  or  in  hot  alcohol,  and  is  slightly 
soluble  in  water,  ether,  chloroform  or  benzene,  when  hot.  Some 
of  the  purified  product  from  the  action  of  hydrogen  sulphide  upon 
acetylanthranilicnitrile  was  analyzed,  with  the  following  results: 
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P  und. 

Calculated  for  »  * ■  > 

C«HsSNt.  I.  II.  ni. 

Carbon 61.364  61.29         

Hydrogen 4.546  471          

Nitrogen 15.909                '5-93        '59^ 

Sulphur 1S.181  .              ....          ..•. 

f  The  picrate  forms  large,  light  yellow  needles,  melting  at  198.5'- 
199.5'',  2ind  is  moderately  soluble  in  cold  water,  more  readily  in 
hot  water  or  in  dilute  alcohol,  easily  soluble  in  95  per  cent. 
alcohol. 

2'Bthyl'4-thiokctodihydroquinasoline. 

From  O'Aminobensthiatnide  and  Propionic  Anhydridc—Tht 
thiamide  was  placed  in  a  strong,  glass  tube  and  treated  widi  a 
slight  excess  of  propionic  anhydride.  Considerable  heat  was  it- 
veloped,  and  as  the  temperature  rose  the  amide  was  thereby  com- 
pletely dissolved.  On  cooling  down,  the  product  separated  upon 
the  sides  of  the  tube  in  small  rose-like  masses,  the  contents  soon 
entirely  solidifying.  The  tube  was  then  heated  for  an  hour  and  a 
half  at  iio**-ii5'',  when  light  yellow,  cubical  crystals  separated 
upon  cooling,  which  were  washed  with  dilute  alcohol  and  dried, 
and  then  appeared  to  be  the  pure  thioquinazoline. 

From  Propionylanthranilicnitrile  and  Hydrogen  Sulphide,— Tht 
nitrile  was  dissolved  in  alcdiol,  the  solution  saturated  with  dry 
hydrogen  sulphide  and  dry  ammonia,  and  heated  at  156**  for  six- 
teen hours.  The  contents  of  the  tube  were  then  dissolved  in 
warm  dilute  sodium  hydroxide  solution,  the  thioquinazoline  pre- 
cipitated by  a  current  of  carbon  dioxide  and  purified  by  crystal- 
lization from  dilute  alcohol. 

From  Anthranilicnitrile,  Propionic  Anhydride  and  Sodium  Sul- 
phide,— By  heating  these  substances  together  in  sealed  tubes  for 
seven  hours  at  i65**-i70**,  the  thioquinazoline  is  produced  and 
crystallizes  out  upon  cooling.  It  was  purified  as  described  above. 
The  same  condensation  can  be  secured  by  heating  the  mixture  in 
an  open  flask  at  ioo**-i25®,  the  cake  of  crude  crystals  thus  obtained 
being  purified  in  the  usual  manner.  A  rather  higher  temperature 
and  longer  heating  is  necessary  than  in  the  case  of  the  methyl  de- 
rivative. 

Properties  of  the  2'Bthyl'4'thioketodihydroqttinazoline.'-'VoA 
ethyl  derivative  forms  yellowish  needles,  melting  at  about  203*-' 
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204^  with  decomposition.  By  careful  heating,  it  may  be  sublimed 
in  needles,  which  show  a  somewhat  lower  melting-point  (200.5**- 
201.5'').  It  is  apparently  insoluble  in  cold  water,  moderately 
soluble  in  dilute  alcohol  or  in  carbon  tetrachloride,  soluble  in  alco- 
hol, aniline,  benzene,  or  in  caustic  alkalies.  The  purified  sub- 
stance from  the  sodium  sulphide  method  was  analyzed,  with  the 
following  results: 

Found. 

Calculated  for  » ^  — * 

CiaHjoSNs.  I.  II.  Ill  IV. 

Carbon 63.158           63.79      

Hydrogen 5.263             534      

Nitrogen 14.737  ••••     1493    M.90      •••• 

Snlphnr 16.842             17.50 

The  material  used  in  (IV)  consisted  of  crystals  taken  direct 
from  one  of  the  tubes,  washed  and  dried,  but  not  further  purified. 
It  shows,  as  expected,  slight  contamination  with  free  sulphur. 

The  picrate  crystallizes  in.  coarse  needles. 

2'Isopropyl''4-thioketodihydroquinacoline, 

Anthranilicnitrile,  isobutyric  anhydride  and  sodium  sulphide, 
were  heated  together  in  sealed  tubes  for  from  three  to  six  hours  at 
170^-175®,  and  the  product  purified  by  dissolving  in  sodium  hy- 
droxide solution,  precipitating  with  carbon  dioxide  and  crystal- 
lizing the  precipitate  from  alcohol.  Long  warming  with  dilute 
alkali  appears  to  induce  partial  decomposition  with  separation  of 
gummy  substances,  so  that  the  alkaline  solution  should  be  precipi- 
tated by  the  carbon  dioxide  without  undue  delay.  The  pure  sub- 
stance crystallizes  from  alcohol  in  long,  light  yellow  needles,  « 
melting-point  203*^-204**.  It  will  be  observed  that  this  melting- 
point  is  identical  with  the  melting-point  of  the  ethyl  derivative. 

2'Nonnal  Propyl'4-thioketodihydroqninasoline. 

Anthranilicnitrile,  »-butyric  anhydride  and  sodium  sulphide 
were  heated  together  in  sealed  tubes  for  eight  hours  at  182°,  and 
the  condensation  product  purified  as  described  for  the  isopropyl 
derivative.  It  forms  beautiful,  light  yellow  needles,  melting  at 
i82**-i83'*,  which  can  be  sublimed  by  careful  heating. 

It  is  rather  interesting  to  note  that  the  melting-point  of  these 
thioquinazolines  steadily  sinks  with  increasing  molecular  weight, 
the  iso-compounds  melting  higher  than  those  with  normal  struc- 
ture.   We  have  already  called  attention  in  previous  papers  to  a 
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similar  condition  of  affairs  in  the  case  of  the  corresponding 
oxygen  alkylketodihydroquinazolines  and  in  the  acylanthranilic- 
nitriles.  The  solubility,  however,  diminishes  with  increasing 
molecular  weight. 

All  melting-points  recorded  in  this  paper  were  determined  with 
Anschiitz  short-scale  thermometers,  standardized  by  the  Reichs- 
Anstalt,  the  entire  mercury  column  being  immersed  in  the  heating 
medium. 

The  work  is  being  continued. 

OKOAinC  I«ABORATORY,  HAVBMBTBR  HaLL, 

Columbia  Umivbrsitt,  January  31,  1903. 


ACTION  OP  nETALLIC  nAQNBSIUM  UPON  AQUEOUS 
SOLUTIONS*. 

Bt  Louis  Kahlbkbbro. 

Received  Janaary  31. 1903. 

It  has  long  been  known  that  metallic  magnesium  acts  extremely 
slowly  upon  distilled  water,  and  that  it  practically  does  not  act  at 
all  upon  solutions  of  the  caustic  alkalies.  In  1899  Tommasi^ 
made  qualitative  investigations  of  the  action  of  magnesium  00 
aqueous  solutions  of  the  following  salts:  KCl,  NH^Cl,  CaCl,, 
MgCl,.  NaCl,  LiCl,  BaCl,.  SrCl,.  C^iCl,.  CdCl,,  PbCl,,  HgCl,. 
FeCla,  CrCla,  PtCl^,  AuCl,,  CuSO,,  ZnSO^,  FeSO,.  MnSO^.  He 
found  that  from  solutions  of  sodium,  potassium  and  lithium 
chloride,  magnesium  liberates  hydrogen  more  rapidly  than  from 
pure  water,  magnesium  hydroxide  being  formed.  Solutions  of 
the  chlorides  of  barium,  strontium,  and  calcium  were  acted  upon 
but  feebly  by  magnesium,  but  ammonium,  chloride  solution  was 
attacked  at  a  lively  rate.  From  solutions  of  the  salts  of  the  heavy 
metals  mentioned  above,  hydrogen  was  liberated  by  magnesium, 
the  chloride  or  sulphate  of  that  metal  being  formed,  and  a  basic 
salt  or  hydroxide  of  the  heavy  metal,  of  the  latter  in  the  metallic 
state,  precipitated.  No  theoretical  explanations  were  attempted 
In  the  same  year  G.  Lemoine'  called  particular  attention  to  the 
action  of  magnesium  upon  aqueous  solutions  of  magnesium  salts. 
He  used  solutions  of  the  nitrate,  chloride,  sulphate  and  acetate  of 
magnesium,  but  worked  especially  with  the  last  three  salts.   From 

>  Read  at  the  Washington  meeting  of  the  American  Chemical  Society,  and  at  themecV 
ing  of  the  Wisconsin  Aca  iemy  of  Sciences,  Arts  and  letters  at  Madison,  December  a6, 1901. 

•  Butt.  St>c.  Chim.,  (3)  ai,  885-887  (1899). 

*  Compt,  Rend^  29,  991  (1899). 
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aqueous  solutions  of  these  salts,  magnesium  liberates  hydrogen 
rapidly  and  continuously.  Using  magnesium  in  form  of  powder, 
he  found  that  about  0.4,  the  calculated  amount  of  hydrogen,  was 
liberated  from  a  magnesium  chloride  solution  when  the  powder 
was  present  in  excess,  the  action  being  finally  checked  by  the 
accumulation  of  the  precipitate  formed ;  but  up  to  the  maximum, 
the  quantity  of  hydrogen  disengaged  was  nearly  proportional  to 
the  amount  of  magnesium  added.  After  magnesium  had  acted 
upon  the  solutions  of  the  chloride  and  acetate,  these  were  found  to 
contain  but  a  relatively  flight  excess  of  the  base.  The  analytical 
data  show  that  the  precipitates  formed  were  very  basic  chloride 
and  acetate  of  magnesium  respectively.  In  the  case  of  the  mag- 
nesium sulphate  the  solution  was  much  weaker  after  the  mag- 
nesium had  acted  upon  it,  a  very  considerable  portion  of  the  salt 
having  been  thrown  down  in  combination  with  the  magnesium 
hydroxide  in  form  of  a  basic  sulphate  of  magnesium.  Lemoine's 
explanation  of  the  action  of  magnesium  on  solutions  of  magnesium 
salts  is  that  in  these  solutions  the  salts  are  slightly  decomposed 
into  magnesium  hydroxide  and  free  acid.  This  acid  acts  on  the 
metal,  forming  hydrogen  and  a  basic  salt  which  breaks  up  into  the 
nomial  salt  and  hydroxide  of  magnesium ;  the  latter  finally  drops 
out  of  solution  and  the  reaction  begins  anew.  In  advancing  this 
explanation  it  would  certainly  seem  that  Lemoine  did  not  give  due 
weight  to  the  fact  that  the  reaction  of  the  solutions  of  the  mag- 
nesium salts  toward  indicators  is  perfectly  neutral  at  the  outset, 
and  that  soon  after  introducing  the  magnesium  it  becomes  alkaline 
and  remains  so,  while  the  liberation  of  hydrogen  continues  un- 
abated. There  are  thus  no  facts  upon  which  to  base  the  assump- 
tion that  the  salts  he  used  are  even  slightly  decomposed  by  water 
into  free  acid  and  magnesium  hydroxide. 

H.  Mouraour^  again  directed  attention  to  the  fact  that  magne^ 
slum  liberates  hydrogen  readily  not  only  from  solutions  of  its  own 
salts,  but  from  solutions  of  other  salts  as  well.  He  found  solu- 
tionsofthe  carbonate,  chloride,  oxalate  and  sulphide  of  ammonium 
strongly  acted  upon ;  but  no  action  was  observed  in  the  case  of  a 
solution  of  ammonium  fluoride.  Sodium  carbonate,  acetate  and 
tetraborate  solutions  were  strongly  acted  upon,  as  were  also  solu- 
tions of  ordinary  and  chrome  alum.  On  the  other  hand,  the  action 

1  Com^.  Rmui.^  130,  140  (1900). 
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was  feeble  on  solutions  of  sodium  phosphate,  nitrite,  thio^ulphate, 
potassium  ferrocyanide  and  the  chlorides  of  barium,  calcium  and 
potassium.  The  work  was  entirely  qualitative  in  character. 
Mouraour  states  that  while  Lemoine's  explanation  of  the  action 
may  hold  good  in  the  case  of  solutions  of  chloride  of  magnesium, 
for  instance,  for  the  most  of  the  salts  last  mentioned  it  is  inade- 
quate. In  the  case  of  the  ammonium  salts,  Mouraour  ascribes  the 
action  to  the  fact  that  solutions  of  these  salts  dissolve  magnesium 
hydroxide.  But  he  states  that  in  the  case  of  the  salts  of  lead, 
copper,  mercury  and  cobalt,  from  which  magnesium  precipitates 
the  heavy  metals  and  simultaneously  liberates  hydrogen,  we  have 
a  secondary  action  of  the  magnesium  on  the  water  of  the  solutioa 
He  deems  it  very  difficult  to  explain  the  phenomena  in  the  cases 
last  mentioned,  stating  that  it  is  not  probable  that  salts  of  these 
heavy  metals  favor  the  solubility  of  magnesia.  Mouraour 
was  apparently  not  aware  of  the  work  of  Tommasi.  As  a  matter 
of  fact,  magnesium  hydroxide  is  not  formed  at  all  when  solutions 
of  the  heavy  metals  named  are  acted  upon  by  magnesium;  the 
salt  of  the  latter  metal  forms  and  remains  dissolved,  the  basic  salt 
or  hydroxide  of  the  heavy  metal  being  precipitated.  In  fact,  the 
cases  which  Mouraour  finds  difficult  to  explain  are  really  most 
readily  explained,  for  the  salts  of  the  heavy  metals  are  indeed 
slightly  decomposed  by  water,  a  small  quantity  of  free  acid  being 
liberated  as  the  acid  reaction  of  such  solutions  clearly  shows. 
>  This  acid  acts  on  the  magnesium,  evolving  hydn^^  and  forming 
the  corresponding  magnesium  salt,  a  basic  salt  or  hydroxide  of  the 
heavy  metal  resulting  simultaneously. 

In  presenting  to  my  students  the  various  ideas  that  have  from 
time  to  time  been  entertained  by  scientific  men  regardingthe  nature 
of  solutions,  I  have  always  laid  considerable  stress  upon  the  view 
that  the  process  of  solution  depends  upon  a  mutual  interaction  of 
solvent  and  solute,  and  that  solutions  are  chemical  combinations^ 
of  solvent  and  solute  according  to  variable  proportions.  Although 
this  view  has  of  recent  years  been  relegated  to  the  background  by 
many,  it  certainly  has  a  formidable  array  of  facts  to  support  it; 
and  such  facts  have  really  been  accumulating  more  and  more, 
though  the  investigations  yielding  them  have  been  guided  to  a 
considerable  extent  by  the  analogy  between  gases  and  solutions. 

1  Compare  Mendelejeff :  "  Principles  of  Chemistry,"  Vol.  I;  Pickering,  on  tolntioM. 
WstU'  "Chemical  Dictionary;'*  Hontmann,  Otaham-Otto:  ''I^hrbudi  der  Phyriktl- 
iachen  und  Theoretischen  Chemle/*  Vol.  II. 
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If  when  a  substance  is  dissolved  in  water  chemical  combination 
between  that  substance  and  water  takes  place,  the  liberation  of 
hydrogen  from  the  solution  ought  to  result  with  a  different  degree 
of  readiness  than  from  pure  water.  With  this  as  the  guiding 
idea,  Mr.  O.  W.  Brown  and  Dr.  H.  V.  Black  at  my  suggestion 
made  some  preliminary  experiments  in  this  laboratory  last  sum- 
.mer,  ccMnparing  the  rate  with  which  hydrogen  is  evolved  from 
various -aqueous  solutions  by  the  action  of  magnesium  upon  them. 
In  the  course  of  these  experiments  (among  which  many  of  the 
observations  of  the  above  named  French  investigators  were  con- 
firmed, though  at  the  time  their  researches  had  not  been  looked 
up)  it  was  found  that  hydrogen  was  liberated  with  different 
rapidity  in  the  case  of  each  solution  tested,  and  that  this  rate  was 
different  from  that  observed  when  pure  water  was  used.  To  my 
regret  Messrs.  Brown  and  Black  were  unable  to  continue  these 
investigations,  much  as  they  were  inclined  to  do  so.  It  seemed  to 
me  well  worth  while  to  follow  out  somewhat  further  the  work 
thus  b^^n,  and  the  results  obtained  in  investigating  the  subject 
will  now  be  presented. 

The  metallic  magnesium  used  was  of  Schuchardt's  manufac- 
ture. It  was  carefully  tested  and  was  found  to  be  free  from 
carbon,  and  from  alkali  and  alkaline  earth  metals.  0.8593  gi'^in 
of  the  metal  yielded  0.0036  gram  of  the  mixed  sesquioxides  of 
iron  and  aluminum.  Other  metals  were  not  present  in  the  mag- 
nesium. The  latter  was  cut  into  bars  of  square  cross-section 
measuring  5  mm.  on  an  edge,  and  having  a  length  of  57.5  mm., 
thus  presenting  a  surface  of  1200  sq.  mm.  A  large  number  of 
such  bars  was  prepared.  In  each  liquid  to  be  tested,  such  a  bar 
was  immersed,  its  surface  being  first  carefully  cleaned  with  fine 
emery  cloth.  The  action  of  the  metal  upon  the  liquid  was  noted 
and  the  volume  of  hydrogen  evolved  at  different  times  was  ob- 
served. The  experiments  were  conducted  at  room  temperature 
which  was  nearly  20*.  The  ordinary  distilled  water  of  the  labora- 
tory was  used.  The  chemicals  were  either  of  Kahlbaum's  or 
Schuchardt's  manufacture;  they  were  tested  as  to  their  purity, 
special  care  being  taken  to  see  that  they  were  free  from  traces  of 
heavy  metals,  and  in  the  case  of  the  salts  employed,  that  they  were 
perfectly  neutral.  Although  only  one  series  of  results  will  be 
given  in  each  case,  each  series  was  checked  by  at  least  one 
additional  independent  series.    In  the  tables  that  follow,  the  first 
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column  indicates  the  solute  employed ;  the  heading  of  each  suc- 
ceeding column  indicates  the  time  that  a  bar  of  magnesium  acted 
upon  the  solution  in  order  to  liberate  the  volume  of  hydrogen 
given  in  that  column. 

Tablb  I. 

(Solutions  contain  2  gram-mols.  per  liter,  except  the  mannite  and  sodina 

sulphate  solutions,  which  contain  i  gram-mol.  per  liter.) 

a.5  hours.    43.5  hours.   47.5  hours.   53  hours. 
Solute.  cc. 

Distilled  water  (alone) u.02 

Alcohol o.io 

Glycerin 0.01 

Cane-sugar o.  10 

Mannite 0.08 

Urea i  2 

Sodium  chloride 7.4 

Sodium  sulphate 3.4 

In  the  case  of  the  urea  solution,  ammonia  as  well  as  hydrogen 
was  liberated.  When  sodium  nitrate  solution  is  treated  with 
magnesium,  only  a  slight  amount  of  hydrogen  is  actually  evolved; 
this  is  due  to  the  fact  that  the  salt  is  reduced  to  nitrite.  From  a 
solution  of  ammonium  chloride  containing  2  gram-mols  per  liter, 
over  50  cc.  of  gas,  consisting  of  hydrogen  and  ammonia,  were 
liberated  by  one  of  the  bars  of  magnesium  in  five  minutes. 

Tablb  II. 


Solute. 

MgCl, 
HgBr, 
MgS04 


cc. 

cc. 

cc 

O.IO 

1.5 

1.8 

0.40 

7.6 

7.8 

0.05 

0.5 

0.55 

0.65 

I.O 

i.a 

0.20 

0.4 

0.55 

10.6 

29.0 

310 

49.8 

(discontinued)* 

9.9 

18.0 

18.8. 

Solute. 
MgCl. 
MgBr, 
MgS04 


(Solutions  contain 

I  gram- 

mol.  per  liter.) 

35  min. 
cc. 

40  min.     50  min. 
cc.            cc. 

ihr. 
cc. 

1  hr.,         I  hr.,        a  hn., 

ao  min.     35  min.     56  min. 

cc.            cc.             cc. 

4b«.. 

23  UUIL 
CC 

...    .    13.0 

18.5         32.0 

24.8 

30.5        33.8   (discontinned) 

4.8 

7.0           8.5 

9.9 

13.0        14.8        24.5 

33.4 

i'"     5.9 

9.4         II.6 

13.75 

18.5        21.5        36.4 

50^ 

0,),  .     0.2 

0.3s     •  0.4 

0.45 

0.6          0.65         1.2 

1.6 

Tabi^e  III. 

(Solutions  contain 

i/io  gram-mol.  per  liter.) 

as  min. 
cc. 

10.8 

35  min. 
cc. 

14.0 

3hrs., 

31  min. 

cc. 

43.1 

4  hrt.,           5  hr».,           aa  hn^ 

5  min.           3a  min.         34  »"»• 
cc.                 cc                «. 

47.6             (discontinued) 

1.8 

2.4 

7.9 

8.6             10.3 

25.0 

1 1.8 

2.4 

7.9 

8.6          ^  10.3 

27.0 

0»),..    0.2^ 

0.3 

1.7 

1.8              2.2 

3.6 

A  The  word  "discontinued**  when  used  in  the  tablet  means  that  the  experiment  wai  db- 
oontiaued,  not  that  the  hydrogen  ceased  to  be  evolved.  The  experiments  in  these  csici 
had  to  be  stopped  because  more  gss  could  not  be  held  in  the  tnbe  used. 
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Tablb  IV. 
(Solutions  contain  i/xoo  gram-moL  per  liter.) 

ahn..        3hr8.,        stars.,       Mhn., 
17  mia.    31  min.    45  min.    49  mln.     93  min.      37  miii.      as  min.      49  min. 
Solute.  cc.oc.cc.oc.  cc.'  cc.  cc  cc. 

MgCl,....      1.8         3.2  4.7  5-2  12.2  15.6  20.0         430 

MgBr,  ...     1.4         2.0         2.6         2.8  5.8  7.1  9.6         20.9 

MgSO«.-.     1.5         2.4         3.0        3.2  6.8  8.8         II.6         29.6 

Tablb  V. 

(Solutions  contain  i  gram-mol.  per  liter.) 

17.  min.  31  min.  43  min.  49  min. 

Solute.  cc.  00.  oc.  oc. 

Ka 11.5  17.5  ".5  24.0 

Ka  +  MgCl, 15.0  23.0  29.4  31.4 

Tablb  VI. 

(Solutions  contain  i/zo  gram-equivalent  per  liter. ) 

a  min.   4  min.     6  min.      xi  min.     x6  min.     aB  min.     33  min.     36  min.     46  min. 
Solute,     oc.         oc.  oc.  cc  cc.  cc.  cc.  cc  oc< 

H,S04  3.2        8.0        12.0        21.0        28.0        37.6        40.4        41.8        45.6 
X  min.    3  min.     5  min.      7  mln.     xx  min.     14  min.    24  min.     99  min.     49  min. 
00.         00.  cc.  00.  90.  cc  00.  oc  oc 

HCl..   3.0       8.5         14.0         19.0        27.5        31.4        39.4        43-5        48.8 

(Solutions  contain  i/ioo  gram-equivalent  per  liter. ) 

X  tar.,         X  tar.,      3  tarA., 
3  min.    10  min.     17  min.     aomin.     30  min.     40  min.     5  min.      aomin.    37  min. 
cc  00.  cc  cc  cc  oc.  oc.  cc  CO. 

H,S04  0.4        1.2  2.0  2.5  3.6  4.0  7.0  8.4         14.3 

HCl..  0.4        1.2  2.0  2.5  3.6  4.7  7.0  8.0        IX.8 

It  was  found  that  in  normal  potassium  or  sodium  hydroxide 
solutions  no  measurable  amountofhydrogenwasevolvedintwenty- 
fourhours,themagnesium  remaining  perfectly  bright.  Solutions  of 
magnesium  nitrate  when  treated  with  magnesium  yield  nitrite 
and  finally  ammonia,  which  accounts  for  the  small  amount  of 
hydrogen  liberated  by  this  salt  as  compared  with  other  salts  of 
magnesium.  From  solutions  of  magnesium  acetate  and  iodide, 
magnesium  also  evdves  hydrogen  rapidly.  A  magnesium  sul- 
phate solution  was  treated  with  a  large  excess  of  finely  divided 
magnesitun,  but  no  reduction  of  the  salt  to  sulphite  took  place. 
From  a  solution  of  crystals  of  MgCl,  +  6H,0  in  glycerin  of  1.27 
sp.  gr.,  magnesium  evolves  hydrogen;  the  action  is  much  in- 
creased upon  heating.  Anhydrous  magnesium  chloride  (prepared 
from  the  double  magnesium  ammonium  chloride)  dissolved  in 
glycerin  of  1.27  sp.  gr.  acts  slowly  on  magnesium;  this  action  is 
greatly  increased  upon  raising  the  temperature.  The  glycerin 
itself  acts  only  very  slightly  on  magnesium  even  on  heating. 
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From  MgCl,  +  6H,0  melted  in  its  crystal  water,  magnesium 
evolves  hydrogen  readily.  A  saturated  solution  of  MgCl,  +  6HjO 
in  ether  does  not  attack  magnesium.  From  a  solution  of  i  gram- 
mol.  MgCl,  -f  6HsO  in  99.5  per  cent,  alcohol  a  bar  of  magnesium, 
of  the  size  above  described,  evolved  2.5  cc.  hydrogen  in  twenty- 
three  hours  and  forty-seven  minutes,  while  from  99.5  per  cent 
alcohol  alone  a  like  bar  of  magnesium  liberated  0.9  cc.  gas  in 
twenty  hours  and  forty-four  minutes.  Table  I  shows  that  from 
distilled  water  there  was  evolved  under  like  conditions  only  0.1  cc. 
in  twenty-three  and  a  half  hours. 

The  results  in  Table  I  show  that  during  the  first  twenty-three 
and  a  half  hours  all  the  solutions  except  that  of  glycerin  act 
more  vigorously  on  magnesium  than  on  water  alone.  Throogh- 
out  the  experiment  the  glycerin  solution  lags  behind  water.  After 
forty-seven  and  a  half  hours,  more  gas  has  been  evolved  from  the 
water  than  from  the  solutions  of  glycerin,  sugar  and  mannite,  and 
the  same  holds  true  after  fifty-three  hours.  It  is  especially  inter- 
esting to  note  that  the  alcohol  solution  is  much  more  vigorous  in 
its  action  on  magnesium  than  is  pure  water.  The  urea  solution  is 
relatively  vigorously  attacked,  though,  as  has  been  stated,  ammo- 
nia is  also  formed  in  this  case.  Again,  sodium  chloride  sdution 
is  much  more  vigorous  in  its  action  than  sodium  sulphate  solution 
of  equivalent  strength. 

Tables  II,  HI,  and  IV  show  that  magnesium  evolves  hydrogen 
from  solutions  of  magnesium  salts  at  a  fairly  rapid  rate.  The 
solutions  of  the  magnesium  chloride  are  the  most  vigorously 
attacked  in  all  cases.  In  the  solutions  containing  i  gram-mol  per 
liter  (Table  II)  the  sulphate  solution  is  acted  upon  more  vigor- 
ously than  that  of  the  bromide ;  in  the  solutions  containing  0.1 
gram-mol  per  liter  (Table  III)  hydrogen  is  evcdved  from  the 
bromide  and  sulphate  solutions  at  an  equal  rate  for  about  fin 
hours,  within  the  limits  of  experimental  error,  while  in  the  solu- 
tions containing  0.01  g^ram-mol  per  liter  (Table  IV)  hydrogen  is 
again  evolved  more  rapidly  from  the  sulphate  solution  than  from 
that  of  the  bromide.  In  the  solution  of  nitrate  of  magnesium, 
nitrite  is  formed,  as  mentioned  above,  which  accounts  for  the  fact 
that  but  little  gas  appears  in  the  case  of  this  salt.  Table  V  shows 
that  the  potassium  chloride  solution  containing  i  gram-mol  per 
liter  acts  fully  as  vigorously  as  a  magnesium  chloride  solution  of 
I  gram-mol  per  liter.    The  double  potassium  magnesium  ddoride 
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acts  Still  more  strongly,  as  the  table  indicates.  The  observation 
that  potassium  chloride  solutions  act  readily  on  magnesium  agrees 
with  that  of  Tommasi ;  Mouraour  called  the  action  feeble. 

At  my  request,  Mr.  W.  R.  Mott  measured  the  so-called  single 
differences  of  potential  between  magnesium  and  some  of  the  salt 
solutions  in  question.  The  measurements  were  made  against  the 
nomial  calomel  electrode,  the  potential  of  which  was  taken  to  be 
—0.56  volt.  He  found  that  at  20**  C.  the  single  potential  between 
magnesium  and  sodium  chloride  solution  (2  gram-mols  per  liter) 
is  +1.163  volts;  between  magnesium  and  sodium  hydroxide  (i 
gram-mol  per  liter)  4-i-m  volts,  between  magnesium  and  potas- 
sium hydroxide  (i  gram-mol  per  liter)  -I-1.140  volts;  between 
magnesium  and  potassium  hydroxide  (o.i  gram-mol  per  liter) 
1. 105  volts;  and  between  magnesium  and  magnesium  sulphate 
(I  gram-mol  per  liter)  +1.366  volts.  Each  result  represents  the 
average  of  four  determinations  in  which  different  bars  of  magne- 
sium were  used.  In  the  sodium  chloride  solution,  the  electro- 
motive force  changes  but  slightly  with  the  time;  in  the  caustic 
alkali  solutions,  the  electromotive  force  tends  to  fall  with  lapse  of 
time,  while  in  the  magnesium  sulphate  solution  the  electromotive 
force  increases  on  standing. 

The  explanation  of  the  above-described  phenomena  of  the 
action  of  metallic  magnesium  upon  aqueous  solutions  will  now  be 
considered.  In  the  case  of  the  saline  solutions,  one  might  feel 
inclined  to  assume  that  the  salt  acts  upon  the  water  liberating  a 
certain  amount  of  free  acid  which  attacks  the  magnesium,  resulting 
m  the  liberation  of  hydrogen  and  the  formation  of  a  normal  or 
basic  salt  or  hydroxide  of  magnesium,  according  to  the  nature  of 
the  solution  under  treatment.*  This  would  be  an  attempt  to 
extend  Lemoine's  interpretation  of  the  action  of  magnesium  upon 
aqueous  solutions  of  its  salts  to-  all  aqueous  saline  solutions.  As 
stated  above,  there  is  ground  for  this  explanation  in  the  case  of 
salts  of  the  heavy  metals,  whose  aqueous  solutions,  as  is  well 
known,  have  acid  reactions  indicating  that  they  are  indeed  slightly 
decomposed  by  water  yielding  free  acid.     But  in  the  case  of  salts 

1  In  the  languaffe  of  the  dinodation  theory,  preferred  by  some,  it  would  mean  that  in 
Mliae  nqneotw  aolntiona  from  which  nuigneaittm  liberates  hydrogen  more  readily  than 
from  imre  water,  the  salt  reacts  upon  the  water  slightly  liberating  some  free  acid*  which 
in  tnrn  is  electrolytically  dissociated,  yielding  free  hydrogen  ions.  The  concentration  of 
hydrogen  ions  in  such  solutions  would  then  be  greater  than  in  pure  water  (which  is  sup- 
posed to  be  only  slighUy  electrolytically  dissociated)  and  this  would  account  for  the  more 
▼igorons  action  of  magnesium  upon  saline  solutions. 
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of  Mg,  Ca,  Ba,  Sr,  K,  Na,  Li,  there  is  no  experimental  evidence 
upon  which  to  base  the  assumption  that  in  their  aqueous  solutions 
there  is  any  free  acid  present.  Moreover  an  alkaline  reaction  is 
imparted  to  the  solutions  of  these  salts  by  the  magnesium  soon 
after  it  has  been  immersed  in  them,  and  yet  this  alkalinity  does  not 
interfere  v^rith  the  evolution  of  hydrogen.* 

There  are  no  facts  upon  which  to  base  the  assumption  that  mag- 
nesium chloride  in  aqueous  solution  suffers  greater  hydrolytic  de- 
composition (of  which  free  hydrochloric  acid  is  one  of  the 
products)  than  do  the  chlorides  of  calcium,  barium  and  strontium 
for  instance ;  and  yet  solutions  of  the  last  three  salts  are  acted 
upon  but  feebly  by  magnesium,  while  from  the  magnesium  chlo- 
ride solution  hydrogen  is  rapidly  evolved.  This  point  is  illus- 
trated still  more  strikingly  by  the  fact  that  solutions  of  sodium 
and  potassium  chlorides  are  relatively  strongly  attacked  by  mag- 
nesium ;  what  reasons  are  there  to  assume  that  these  salts  are  de- 
composed more  by  water  than  those  of  the  alkaline  earth  metals? 
And  again,  would  it  be  rational  to  suppose  that  because  potassium 
chloride  solutions  attack  magnesium  more  readily  than  sodium 
chloride  solutions,  the  former  salt  is  decomposed  more  by  water 
than  the  latter?  But  the  difficulty  of  this  mode  of  explanation 
becomes  even  greater  in  the  case  of  the  non-saline  solutions.  So 
for  instance  the  alcoholic  solution  is  acted  upon  more  vigorously 
than  pure  water ;  clearly  there  is  no  chance  for  assuming  free 
acid  to  be  the  active  agent  in  the  case  of  this  solution.* 

The  idea  that  Mouraour  advances  in  the  case  of  solutions  of 
ammonium  salts,  namely,  that  the  solubility  of  magnesium  hy- 
droxide in  them  determines  the  liberation  of  hydrogen  from  them 
by  action  of  magnesium,  might  possibly  be  applied  to  other  solu- 
tions and  so  the  attempt  be  made  to  generalize  this  explanation. 
In  addition  to  the  ammonium  salts,  there  are  several  cases  that 
might  be  considered  to  favor  this  view.  So  magnesium  hydroxide 
is  less  soluble  in  solutions  of  sodium  and  potassium  hydroxide 

1  According  to  the  disaociation  theory,  such  tn  alkaline  aolation  would  ooataia  feiptf 
hjrdrogen  ions  than  pure  water,  and  yet  hydrogen  is  evolved  faster  from  them  than  froa 
water. 

>  Indeed  from  the  standpoint  of  the  dissociation  theory  one  would  have  to  bold  thst 
the  alcohol  solution  contains  fewer  hjrdrogen  ions  than  are  present  in  pure  water,  sad 
hence  action  ought  to  be  less  than  in  the  latter.  Moreover  from  the  point  of  view  of  Uds. 
theory,  magnesium  ought  to  act  rather  less  on  solutions  of  magnesium  salts,  for  the  pre** 
ence  of  magnesium  ions  would  militate  against  the  formation  of  more  of  them.  Aod 
again,  the  difference  of  potential  between  magnesium  and  a  magnesium  sulphate  aolotios 
ought  to  be  less  than  between  magnesium  and  a  sodium  chloride  solution ;  the  facts  show 
that  just  the  opposite  is  true. 
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than  in  pure  water,  and  the  fact  that  these  solutions  do  not  attack 
the  metal  as  much  as  does  water  might  be  regarded  as  a  support 
for  the  view  advanced.  Again,  since  ammonium  fluoride  solution 
is  not  acted  upon  by  magnesium,  and  since  the  hydroxide  and  the 
fluoride  of  magnesium  are  insoluble  in  a  solution  of  ammonium 
fluoride,  this  might  be  urged  as  another  striking  instance  of  the 
same  kind.  It  would,  however,  be  a  delusion  to  think  that  the 
insolubility  of  magnesium  hyaroxide  in  these  solutions  is  what 
prevents  the  magnesium  from  acting  upon  them.  This  becomes 
evident  from  the  following  experiment.  On  making  magnesium 
amalgam  (by  heating  magnesium  and  mercury  together)  and 
treating  normal  solutions  of  potassium  and  sodium  hydroxide 
with  the  same,  I  found  that  hydrogen  is  very  rapidly  evolved, 
magnesium  hydroxide  formed,  and  mercury  set  free  from  the 
amalgam.  Solution  of  ammonium  fluoride  is  also  violently  at- 
tacked by  magnesium  amalgam  with  the  concomitant  liberation  of 
hydrc^en.  Mere  contact  of  magnesium  and  mercury  in  these 
solutions  will  not  bring  about  this  action,  the  amalgam  must  be 
used. 

At  a  given  temperature  and  pressure  the  course  that  a  chemical 
reaction  will  take  is  determined  (i)  by  the  chemical  affinity  be- 
tween the  reacting  substances  and  (2)  by  the  relative  masses  of 
these  substances.  If  the  system  consists  of  a  solid  immersed  in  a 
liquid,  the  rate  of  action  depends  on  the  amount  of  surface  of  the 
solid  exposed  to  the  liquid.  If  the  product  is  an  insoluble  one  and 
closely  envelops  the  surface  of  the  solid  that  is  being  acted  upon, 
the  rate  of  the  action  will  be  diminished  because  of  diminution  of 
the  surface  exposed.  This  effect  of  the  accumulation  of  the  in- 
soluble product  of  the  reaction  increases,  the  longer  the  reaction 
goes  on,  and  may  finally  practically  check  the  process,  which  is 
clearly  shown  by  the  results  of  Lemoine  cited  above.  While  there 
can  be  no  doubt  of  this  effect,  nevertheless,  the  differences  in  the 
rates  of  evolution  of  hydrogen  during  the  times  recorded  above 
are  in  general  too  great  to  be  accounted  for  solely  on  the  basis  of 
accumulation  of  the  precipitate.  Of  this  I  became  especially  con- 
vinced by  treating  aqueous  solutions  with  sodium  amalgam;  in 
these  cases,  where  no  precipitate  forms,  similar  large  diflFerences 
in  the  rate  of  evolution  of  hydrogen  occur.*    Again  it  is  well  to 

1  This  moat  interesting  problem  of  the  action  of  alkali  metals  and  their  amalgams 
upon  aqneons  solutions  is  being  studied  in  this  laboratory  by  Mr.  Gustav  Pemekes  at 
present.    His  work  is  already  wall  advanced. 
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bear  in  mind  in  this  connection,  that  during  the  time  of  duration 
of  the  above  experiments  but  small  quantities  of  magnesium  hy- 
droxide or  basic  magnesium  salts  were  formed ;  in  fact,  in  many 
cases  a  precipitate  was  not  at  all  discernible.  I  assured  mysdf 
that  from  a  bar  of  magnesium  that  had  remained  in  a  normal  solu- 
tion of  sodium  chloride  long  enough  to  be  visibly  covered  widi  t 
white  coating,  hydrogen  was  nevertheless  much  more  rapidly 
evolved  than  from  a  fresh  bar  of  magnesium  just  placed  in  water. 

One  might  further  be  inclined  to  ascribe  the  action  of  magn^ 
sium  on  these  aqueous  solutions  to  mere  contact  action,  i  e.,  to  so- 
called  catalytic  action  of  the  solute  or  some  of  its  ingredients. 
Tommasi^  states  that  in  the  case  of  the  potassium  chloride  solution 
we  apparently  have  the  best  instance  of  such  contact  action,  for 
here  the  potassium  chloride  remains  unchanged  and  the  tasLgat- 
sium  hydroxide  only  is  formed.  Nevertheless  even  here  it  is  not 
an  easy  matter  to  free  the  latter  from  "adhering  chlorides''  by 
washing.  It  would  scarcely  be  helpful  to  dismiss  the  matter  by 
saying  that  in  these  diverse  solutions  the  rate  of  evolution  of 
hydrogen  is  increased  by  the  catalytic  action  of  the  solute  when 
the  hydrogen  is  liberated  more  rapidly  than  from  water,  and  that 
the  rate  is  diminished  by  the  negative  catalytic  action  of  the  solute, 
when  the  formation  of  hydrogen  takes  place  less  rapidly  than  from 
water. 

All  the  facts  above  presented  are  very  readily  explained  on  the 
basis  of  the  view  of  solutions  which  suggested  this  research; 
namely,  that  solutions  are  chemical  combinations  of  solvent  and 
solute  according  to  variable  proportions.*  It  is  clear  that  if  water 
is  chemically  bound  to  the  substance  dissolved  in  it,  the  readiness 
with  which  metallic  magnesium  or  sodium  amalgam  will  liberate 
hydrogen  from  different  solutions  will  in  general  be  different 
Again,  the  difference  of  potential  between  magnesium  and  die 
solutions  would  be  expected  to  be  higher  in  the  case  of  solutions 
that  are  vigorously  attacked  than  in  solutions  in  which  the  action 
is  slight.  The  experimental  data  are  in  accord  with  this.  If  the 
chemical  affinity  existing  between  magnesium  and  the  solution 
(regarded  as  a  chemical  combination  of  solvent  with  solute)  is 

>  Loe.  ett. 

*  The  view  that  tolutiont  are  chemical  combinations  according  to  variable  i»ropoftioafi 
does  not  detract  one  particle  from  the  law  of  definite  proportions  which  ia  weUcstabliilMd 
in  the  case  of  so  very  many  compounds.  Horstmann  {l»c.  eti.)  presents  the  whole  natter 
so  well  that  it  is  unnecessary  to  dwell  further  upon  it  here. 


ACTION  OP  METALLIC  MAGNBSIUM.  .     39 1 

sufficient  to  overcome  the  cohesion  of  the  magnesium,  the  latter  is 
attacked;  from  the  resulting  compound  hydrogen  splits  off,  and 
the  rest  may  all  remain  as  a  homogeneous  liquid  (1.  ^.,  all  may 
remain  dissolved)  or  further  decomposition  into  a  precipitate,  the 
hydroxide  or  basic  salt,  and  a  solution  may  occur  and  usually  does 
occur  after  the  action  has  progressed  for  a  sufficient  time.  If  no 
precipitate  forms,  the  rate  of  change  is  not  diminished  by  a  de- 
crease of  the  surface  of  metal  exposed,  and  so  the  reaction  is  ap- 
parently aided.  The  more  readily  the  dissolved  products  are  re- 
moved from  proximity  of  the  surface  of  the  metal  by  diffusion 
aided  by  mechanical  stirring  of  some  kind,  the  more  rapidly 
the  change  progresses.  Usually,  as  the  gas  is  rapidly  evolved, 
the  liquid  receives  considerable  stirring  from  this  source.  If  the 
specific  attraction  called  chemical  affinity  existing  between  magne- 
sium and  the  solution  is  not  sufficient  at  the  temperature  of  ex- 
periment, to  overccMne  the  cohesion  of  the  magnesium,  no  action 
will  take  place  as  in  normal  potassium  hydroxide  solution  for 
instance;  if  the  affinity  is  barely  able  to  overcome  the  cohesion, 
the  action  will  go  on  very  slowly,  as  in  the  case  of  water.  As 
stated  above,  magnesium  amalgam  does  act  on  normal  potassium 
hydroxide  solution  with  vigor,  liberating  hydrogen,  forming 
magnesium  hydroxide  and  setting  mercury  free.  The  explana- 
tion of  the  action  is  similar  to  the  one  just  given.  Here  the 
affinity  between  the  solution  and  the  amalgam  is  sufficient  to 
disintegrate  the  latter,  and  magnesium  hydroxide  forms  in  spite 
of  the  fact  that  it  is  difficultly  soluble.  Under  the  conditions  of 
the  experiment,  it  is  evidently  easier  to  abstract  magnesium  from 
magnesium  amalgam  than  to  overcome  the  cohesion  of  pure 
magnesium.  This  is  in  harmony  with  the  fact  that  magnesium 
amalgam  does  not  form  when  magnesium  and  mercury  are 
brought  together  at  ordinary  temperatures  ;*  it  requires  a  higher 
temperature  in  order  that  the  union  of  the  metals  will  take  place. 
The  view  that  solutions  are  chemical  combinations  of  solvent 
and  solute  may  seem  somewhat  antiquated  at  the  present  time 
when  purely  physical  conceptions  of  solutions  are  in  predomi- 
nance. But  this  older  view  is  still  held  by  eminent  chemists  and 
physicists,  for  it  gives  an  adequate  cause  for  the  process  of  solu- 
tion, for  the  thermal  changes  accompanying  the  latter,  and  for  the 

1  At  ordinanr  tempenturcs  the  affinity  between  these  metals  U  not  able  to  overcome 
their  cohesions.  Compare  the  work  of  Wanklyn  and  Chapman  on  magnesium  amalgam 
In  the  J.  Chtm,  Soc,  [London],  (a),  4,  141. 


393  HARRY  B.  WAI^TBRS. 

fact  that  (exclusive  of  the  mass)  the  properties  of  a  solution  art 
never  found  to  be  quite  equal  to  the  sum  of  the  properties  of 
solvent  and  solute.  Moreover,  facts  known  at  present  concerning 
both  dilute  and  concentrated  solutions  are  entirely  compatible 
with  it,  and  it  will  no  doubt  prove  a  most  valuable  aid  in  further 
research. 

I«ABO&ATORV  OF  PRT8ICAI.  CBSMISTRT, 

UZfZVBKBITY  OP  WISCONSIN,  MaDISON,  WIS. 


THE  VOLUnETRIC  DETERHINATION  OF  nANOANESB  IN 
IRON  AND  STEEL. 

Bv  Harry  S.  Waltbrs. 

Received  Jenawy  w6,  I9»3- 

In  a  recent  number  of  this  Journal,  34,  1206  (1902),  there  ap- 
peared an  article  by  Stehman  entitled  "The  Determination  of 
Manganese  in  Iron  and  Steel"  in  which  the  author  stated  that  in 
attempting  to  replace  lead  peroxide  with  ammonium  persulphate 
and  titrating  with  sodium  arsenite,  the  silver  salt,  of  course,  caused 
trouble.  If,  however,  the  silver  salt  is  thrown  out  of  soluticm 
before  the  titration  is  begun,  as  insoluble  silver  chloride,  the  de- 
termination of  the  permanganic  acid  by  a  standard  solution  of 
sodium  arsenite  may  be  readily  accomplished. 

With  the  exception  of  the  titration,  the  method  is  the  same  as 
that  proposed  by  me  in  September,  1901.*  While  preparing  that 
method  the  writer  also  tried  to  make  a  titration  method  but  with- 
out success,  as  the  hot  solutions  were  titrated  and  the  reaction 
between  the  excess  of  persulphate  and  the  silver  nitrate  caused  the 
results  to  be  high  and  irregfular. 

Since  the  article  by  Stehman  appeared,  I  have  doubted  the 
necessity  of  precipitating  the  silver  as  chloride,  if  the  solution  be 
cooled  before  the  titration  is  begun.  In  order  to  prove  the  cor- 
rectness of  this  view  a  number  of  samples  were  taken  and  treated 
as  follows :  0.2  gram  of  the  samples  and  a  standard  steel  of  known 
manganese  content  were  weighed  off  into  suitable  test-tubes  or 
beakers  and  10  cc.  of  nitric  acid  (sp.  gr.  1.20)  were  added  to  each. 
The  solutions  were  heated  until  the  samples  were  dissolved  and  all 
nitrous  fumes  driven  off.  Fifteen  cc.  of  a  solution  of  silver 
nitrate  equal  to  0.02  grafn  silver  nitrate  (1.33  grams  of  the  salt  to 

1  This  Joarnsl,  J4,  R.  12. 
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I  liter  of  water)  were  added  to  each.  About  0.5  g^am  ammo- 
nium persulphate  was  added  and  the  solutions  were  heated  until 
the  oxidation  commenced,  and  then  for  about  a  half  minute  longer. 
The  solutions  were  then  cooled. 

In'  preparing  the  iron  samples  i  gram  was  dissolved  in  30  cc. 
of  nitric  acid  (sp.  gr.  1.20)  filtered  into  a  100  cc.  calibrated  flask 
and  diluted  to  the  mark.  After  thorough  mixing,  20  cc.  of  the 
solution  were  transferred  to  test-tubes  or  beakers  and  a  little 
ammonium  persulphate  added  to  destroy  the  combined  carbon. 
Five  cc.  of  a  solution  of  silver  nitrate  (4  grams  of  the  salt  to  i 
liter  of  water)  and  a  little  more  persulphate  were  added  and  the 
procedure  continued  the  same  as  for  steels. 

When  the  permanganic  acid  solutions  were  cold,  they  were 
treated  as  follows : 

First  Series. — ^The  manganese  was  estimated  colorimetrically. 

Second  Series. — The  silver  was  precipitated  as  chloride  and  the 
solutions  were  men  titrated  with  a  sodium  arsenite  solution  until 
the  disappearance  of  the  pink  color. 

Third  Series. — ^The  solutions  were  titrated  with  sodium  arsenite 
without  precipitating  the  silver  as  chloride. 

Fourth  Series. — The  solutions  were  titrated  with  hydrogen 
peroxide  without  precipitating  the  silver  as  chloride. 

The  following  results  were  obtained: 


Colori. 
metHc. 

Araenite 

Silver 
precipitated. 

titration. 

Hydrogen  dioxide 

titration. 

Silver  not 

precipitated. 

Sample. 

Silver  not 
precipitated. 

Steel  No.  18  .. 

0.28 

0.269 

0.281 

0.27 

"      "     17.. 

0.47 

0.46 

0.48 

0.47 

"       •*     11  .. 

0.53 

0.55 

0.544 

0^33 

"       "     22  .. 

0.57 

0.588 

0.595 

0.59 

••       *•    26  .. 

0.40 

0.44 

0.428 

0.426 

"      "    33  •• 

0.49 

0.495 

0.493 

0.492 

••       '*    90.. 

0.90 

0.92 

0.902 

0.89 

"      "    47.. 

0.43 

0.43 

0.43 

Irons 

0.19 

0.21 

0.19 

"No.  712.... 

0.22 

0.22 

0.2Z 

"    "    7I3---- 

0.23 

0.234 

0.24 

"    "    716.... 

0.24 

0.24 

0.245 

"    «^    828.... 

0.16 

0.16 

0.15 

••    "    813.... 

0.13 

O.I  I 

O.II 

"    ••    829.... 

0.18 

0.17 

0.19 

Steel  No.  68  .. 

0.73 

0.72 

0.74 

0.74 
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It  will  be  observed  that  the  results  all  agpree  closely  whether  tbc 
silver  was  separated  or  not,  and  that  hydrogen  peroxide  (as  was 
to  be  expected)  may  be  used  as  well  as  the  sodium  arsenite.  The 
end-point  in  all  these  titrations  is  not  as  sharp  as  might  be  desired 
but  I  think  it  is  sharper  if  the  silver  is  not  precipitated.  K  the 
silver  is  not  precipitated,  the  titration  must  be  done  quickly,  as 
the  persulphate  and  silver  nitrate  in  solution  react  to  reproduce 
the  color,  if  allowed  to  stand. 

I«A.BORATOinr  United  Enoxneemko  axd  PotTNDRT  Company, 
IfiNcoLN  Foundry  Company  Dept.,  Pittsburg,  Pa. 


THE  CORROSION  OP  IRON. 

By  W.  R.  Whitney. 

Received  January  30, 1903. 

It  is  my  object  to  add  to  the  literature  on  this  subject,  the  results 
of  some  observations  of  the  action  of  water  or  steam  under  various 
conditions  upon  ordinary  iron,  coupled  with  some  consideration  of 
the  principles  involved. 

Owing  to  the  g^eat  use  made  of  iron  and  steel,  and  the  depend- 
ence placed  upon  them,  it  is  not  surprising  to  find  that  a  great  deal 
has  been  written  upon  the  factors  influencing  their  length  of  life 
when  used  for  various  purposes. 

Practically  the  only  factor  which  limits  the  life  of  the  iron  is 
oxidation,  under  which  are  included  all  the  chemical  processes 
whereby  the  iron  is  corroded,  eaten  away,  or  rusted.  In  under- 
going this  change,  the  iron  always  passes  through  or  into  a  state 
of  solution,  and,  as  we  have  no  evidence  of  iron  going  into  aqueous 
solution  except  in  the  form  of  ions  (probably  electrically  charged 
atoms),  we  have  really  to  consider  the  effects  of  conditions  upon 
the  potential-difference  between  iron  and  its  surroundings.  The 
whole  subject  of  corrosion  of  iron  is  therefore  an  electrochemical 
one,  and  the  rate  of  corrosion  is  simply  a  function  of  electromotive 
force  and  resistance  of  circuit.  If  now  we  apply  Nemst's  concep- 
tion of  the  source  of  electromotive  force  between  a  metal  and  a 
solution,  we  must  conclude  from  the  measured  potential-diflFerence 
that  iron  in  contact  with  an  aqueous  solution  tends  to  dissolve, 
ionize,  or  oxidize  with  a  force  expressed  as  equivalent  to  about 
10,000  atmospheres'  pressure  at  ordinary  temperature. 

In  other  words,  iron  should  tend  to  dissolve  in  any  aqueous 
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solution  until  the  concentration  of  the  electrically  charged  iron 
ions  reaches  such  a  concentration  that  the  osmotic  pressure  is 
equal  to  the  above  value.  This  means  that  the  siaturated  iron 
solution  must  be  at  least  450-fold  normal,  which  is  a  concentration 
not  practically  obtainable.  Thus  far,  the  theory  requires  that 
iron  should  tend  to  oxidize  in  any  aqueous  solution.  Whether  it 
will  do  so  or  not  depends  on  other  conditions.  Something  may 
here  be  gained  by  a  study  of  analogies.  The  dissolving  zinc 
electrode  of  the  Daniell  or  gravity  battery,  although  possessing 
an  enormous  electrol3rtic  solution-pressure,  does  not  dissolve  when 
the  electric  circuit  is  broken,  but  begins  oxidizing  immediately 
when  connected  through  any  external  resistance  to  the  copper  pole. 
It  is  not  enough  then  for  oxidation  or  solution  of  the  metal,  that 
it  have  a  tendency  to  dissolve;  it  must  be  in  metallic  connection 
with  some  other  material  capable  of  acting  as  an  electrode,  and 
this  second  electrode,  if  a  positive  element,  must  have  a  lower 
electrol)rtic  solution  pressure  than  the  iron.  Iron  in  contact  with 
zinc  and  an  aqueous  solution  will  therefore  not  dissolve ;  but  jf 
copper  replace  the  zinc,  the  iron  will  dissolve,  the  velocity  of  solu- 
tion in  these  cases  being  determined  by  the  resistance  of  the  com- 
plete electric  circuit.  These  two  cases  are  often  met  with  in 
practice.  In  marine  boilers,  zinc  plates  are  sometimes  suspended 
from  the  boiler  tubes  in  the  water,  that  they  may  be  attacked 
instead  of  the  iron.  On  the  other  hand,  scrap  iron  is  used  very 
commonly  to  recover  copper  from  solution  in  mine  waters  and 
other  copper  liquors,  in  which  case  the  iron  rapidly  dissolves. 

Hydrogen  acts  as  a  metal  and  is  electrolytically  classified  in  the 
group  with  copper  when  compared  with  iron  and  zinc.  That  is, 
if  a  cell  were  made  up  on  the  Daniell  model,  iron  being  used  in- 
stead of  zinc,  and  hydrogen  in  place  of  copper,  the  cell  would 
generate  a  current  when  the  iron  and  hydrogen  electrodes  were 
connected.  Iron  would  then  dissolve  with  a  velocity  dependent 
on  the  total  resistance  of  the  circuit.  So  also,  and  for  the  same 
reason,  iron  when  placed  in  a  solution  containing  hydrogen  ions 
will  dissolve  as  the  hydrogen  precipitates,  just  exactly  as  when 
placed  in  the  copper  salt  solution.  That  iron  does  oxidize  or 
dissolve  in  all  solutions  containing  appreciable  quantities  of  hy- 
drogen ions  is  well  known.  This  electrochemical  relationship 
between  iron  and  hydrogen  is  the  primal  cause  of  rusting. 

This  introduces  at  once  an  important  point  in  connection  with 
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the  subject.  Pure  water  is  believed  to  contain  hydrogen  ions  to 
the  extent  of  approximately  i  gram  for  each  10,000,000  liters  and 
should  consequently  act  qualitatively  like  any  other  hydrogen-ion 
solution  in  oxidizing  iron.  It  is  to  this  extent  an  acid.  It  would 
evidently  be  quantitatively  a  very  feeble  solvent  on  this  basis,  if 
for  no  other  reason  than  the  high  electrical  resistance  of  the  sdu- 
tion.  This  is  simply  another  way  of  saying  that  in  such  a  dilute 
solution  the  hydrogen  ions  can  come  into  contact  with  the  iron 
only  exceedingly  slowly,  this  contact  being  necessary  for  the 
action.  Whether  the  iron  on  oxidation  or  on  dissolving  remains 
practically  in  situ  as  an  insoluble  compound,  oxide,  hydroxide, 
carbonate,  basic  salt,  etc.,  or  is  removed  as  rapidly  as  it  is  oxi- 
dized, depends  on  the  nature  of  the  surrounding  medium.  If  it 
be  simply  in  vapor  ot  in  moist  air,  removal  of  the  iron  is  out  of 
the  question.  If  it  be  in  contact  with  aqueous  solutions,  the  re- 
moval of  the  iron  will  be  determined  by  the  nature  of  the  negative 
ions  in  the  solution.  If  insoluble  compounds  can  form  at  tiie 
point  of  corrosion,  the  iron  will  not  be  removed.  This  is  illus- 
trated by  the  common  precipitation  of  oxide  or  rusting  due  to  the 
oxygen  dissolved  in  the  water;  if  no  such  insoluble  compounds 
are  formed,  the  iron  will  be  eaten  away,  the  surface  remaining 
bright.  Both  of  these  processes  are  very  common  in  practical 
experience. 

There  is  no  doubt  that  iron,  even  at  ordinary  temperatures, 
reacts  with  pure  water,  in  accord  with  this  conception.  The  ex- 
periments on  this  point,  carried  out  by  Deville^  at  high  temper- 
atures only,  showed  a  balanced  condition  at  various  temperatures 
for  the  reaction 

3Fe  +  4HaO  =  Fe,0,  +  4H,. 
He  found  experimentally  that  water  vapor  in  contact  with  iron 
must  produce  a  certain  concentration  of  hydrogen  gas  to  be  in 
equilibrium ;  in  other  words,  if  the  hydrogen  was  continually  re- 
moved, the  iron  could  continually  oxidize.  Within  the  range  of 
temperature  employed  (200**  to  1000**  C),  he  found  that  the 
pressure  of  the  hydrogen  produced  by  the  action  between  iron  and 
water  increased  as  the  pressure  of  the  water  vapor  was  increased. 
As  the  temperature  rose,  the  hydrogen  concentration  (or  pressure) 
at  equilibrium  diminished ;  in  other  words,  the  lower  the  tempera- 
ture in  his  experiments,  the  greater  the  tendency  for  oxidation  of 

1  Ann.  Ckem.  ^Uebig),  157.  76  (1870). 
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the  iron.  According  to  these  results,  we  should  expect  water  to 
act  on  iron  to  generate  hydrogen  even  at  ordinary  temperatures, 
and  it  is  a  well-known  fact  that  very  finely  divided  iron  such  as  is 
obtained  by  dry  reduction  of  iron  salts,  reacts  with  pure  water  and 
generates  hydrogen. 

This  fact,  that  pure  water  causes  solution  of  iron,  is  in  accord 
with  other  experimentally  discovered  facts.  Mr.  G.  O.  Adams, 
in  connection  with  &  thesis  presented  to  this  institute  in  1900, 
made  analyses  of  various  samples  of  gases  cdlected  from  radiators 
in  different  houses  where  the  hot-water  gravity  heating  system  is 
used,  and  where  different  water  supplies  are  concerned,  and 
always  found  a  large  quantity  of  hydrogen  gas.  In  most  cases, 
on  opening  the  air-cock  of  the  radiators  the  gas  could  be  lighted 
with  a  match.  A  number  of  such  mixtures  were  analyzed.  These 
varied  in  ccxnposition,  but  were  mainly  mixtures  of  nitrogen  and 
hydrogen  with  usually  no  oxygen.  The  hydrogen-content  varied 
from  44  to  78  per  cent,  by  volume.  Measurable  quantities  of 
carbon  dioxide  or  of  hydrocarbons  were  not  usually  present. 

It  is  very  generally  accepted  by  authorities  on  the  corrosion  of 
iron  that  the  presence  of  carbonic  acid  is  necessary ;  but,  as  water 
itself  must  be  considered  as  not  greatly  different  in  hydrogen-ion- 
concentration  from  a  carbonic  acid  solution  in  contact  with  air,  it 
seems  a  priori  probable  that  this  accepted  idea  is  incorrect. 

Assuming  the  laws  of  Henry  and  Dalton  to  apply  to  the  solu- 
bility of  carbonic  acid  gas  in  water,  also  that  the  solubility  of  the 
pure  gas  under  ordinary  pressure  is  one  volume  for  one  volume  of 
water  (which  is  correct  at  15^  C.)  and,  finally  that  the  normal 
content  of  carbonic  acid  in  the  atmosphere  is  2  parts  in  10,000 
by  volume,  we  should  expect  water  in  equilibrium  with  air  con- 
taining this  concentration  of  carbonic .  acid  to  contain  0.0002 
volume  carbon  dioxide  per  volume  of  water.  This  corresponds  to 
a  concentration  of  the  carbonic  acid  equal  to  o.ooooi  mol  per  liter 
or  0.00002  normal.  From  the  dissociation  constant  (3040  X  10)"" 
determined  by  Walker,^  and  to  which  my  attention  was  called  by 
Professor  Noyes,  it  follows  that  the  first  hydrogen  of  the  acid  is 
16  per  cent,  dissociated  at  this  concentration.  From  this  it  fol- 
lows that  10,000,000  liters  of  water  containing  carbonic  acid  in 
equilibrium  with  ordinary  air  at  15**  contains  16  grams  of  hydro- 
gen ions,  or  only  16  times  as  many  as  perfectly  pure  water  con- 

i  ZUckr,  phyi.  Chtm.^  3a,  137. 
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tains.  At  the  boiling  temperature  the  carbon  dioxide  dissolved 
would  probably  yield  a  concentration  of  hydrogen  ions  even  less 
than  that  in  pure  water,  for  not  only  is  the  solubility  of  the  gas 
greatly  diminished,  but  the  dissociation  of  water  is  greatly  in- 
creased by  rise  of  temperature.  Moreover,  the  distilling  water 
would  rapidly  reduce  the  concentration  of  any  carbonic  add 
capable  of  dissolving  in  water  at  loo^  C. 

The  following  experiment  bearing  upon  this  point  is  one  which 
may  have  been  frequently  tried  by  others,  but  is  worthy  of  note. 
To  learn  whether  carbonic  acid  was  necessary  to  iron-rusting,  a 
clean  bottle  was  steamed  out  for  a  time  to  remove  soluble  alkali 
from  the  glass  and  was  then  filled  with  pure,  distilled  water  which 
was  kept  boiling  by  passing  steam  through  it  for  fifteen  minutes. 
While  still  boiling,  a  bright  piece  of  iron  was  placed  in  the  bottle. 
A  stopper  (in  some  cases  rubber  and  in  others  cork)  carrying  a 
tube  open  in  a  capillary  several  inches  above  the  stopper,  was  in- 
serted into  the  bottle  and  firmly  fastened  in  place,  the  water  being 
kept  boiling.  Finally,  the  glass  capillary  was  heated  hot  by 
means  of  a  blowpipe  and  sealed  by  squeezing  the  walls  together. 
The  bottle  was  then  allowed  to  cool  to  a  temperature  of  about  80* 
C,  and  the  neck  of  the  bottle  was  finally  covered  with  paraffin  to 
prevent  leaking.  It  was  thought  that  in  this  way  the  oxygen, 
carbonic  acid  and  other  gases  in  the  water  were  completely  re- 
moved. Bottles  containing  iron  and  sealed  in  this  manner 
have  stood  without  any  visible  change  for  weeks.  In  some  cases 
a  little  air  was  subsequently  admitted  to  bottles  which  had  stood 
in  this  way  with  the  iron  apparently  unaffected,  and  within  a  few 
minutes  the  water  became  cloudy  and  assumed  a  yellow  color. 
Ordinary  rust  rapidly  deposited  upon  the  glass  and  in  spots  upon 
the  metal.  In  fifteen  or  twenty  minutes  the  production  of  rust 
throughout  the  bottle  was  perfectly  evident.  It  seemed  plain 
from  the  rapidity  of  formation  of  oxide  and  its  precipitation  on 
the  glass,  that  the  iron  had  dissolved  in  the  water  before  the  addi- 
tion of  the  air,  and  that  the  latter  simply  permitted  the  formation 
of  the  insoluble  oxide. 

Mr.  J.  A.  Collins,  in  connection  with  his  thesis  of  1898,  per- 
formed a  similar  experiment  which  shows  that  the  iron  is  dis- 
solved in  the  water  and  that  its  appearance  as  rust  is  a  secondary 
phenomenon  due  to  the  action  of  oxygen  on  the  solution.  A 
cleaned  iron  pipe  0.5  inch  by  15-  inches,  sealed  at  one  end  and 
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having  a  screw  cap  to  fit  the  other,  was  filled  with  boiling  distilled 
water,  and  the  boiling  continued  by  heating  the  pipe  until  half  the 
water  had  boiled  away.  While  still  rapidly  distilling,  the  cap  was 
screwed  on  tightly  and  the  tube  heated  to  about  125**  C.  for  an 
hour.  On  cooling  and  removing  the  water  from  the  pipe,  it  was 
found  to  be  perfectly  clear  and  colorless,  but,  on  exposure  to  air 
in  a  glass  vessel,  it  rapidly  precipitated  rust.  The  pure  water  had 
^  dissolved  iron  in  some  form  from  the  clean  metallic  surface,  and 
this  had  remained  in  solution  until  precipitated  by  the  oxygen  of 
the  air.  In  experiments  with  air-free  water  in  contact  with  iron, 
in  glass  bottles  and  flasks,  Mr.  Collins  let  into  the  flasks  containing 
only  the  pure  water  together  with  its  vapor  and  the  bright  iron, 
air  which  had  been  freed  from  carbonic  acid  by  being  exposed  to 
the  action  of  a  barium  hydroxide  solution  in  a  closed  bottle  for 
twelve  hours,  the  bottle  being  repeatedly  shaken  to  hasten  the 
absorption.  In  case  of  this  treated  air,  the  production  of  rust  in 
the  flasks  was  evidently  as  rapid  as  with  ordinary  air. 

A  similar  experiment  with  purified  oxygen  gave  the  same  re- 
sult. One  is  forced  to  conclude  from  such  results  that  if  the  rust- 
ing is  due  in  any  way  to  carbonic  acid  it  is  rapidly  brought  about 
by  such  a  quantity  of  this  gas  as  is  left  in  air  or  oxygen  after  treat- 
ment with  a  barium  hydroxide  solution ;  in  other  words,  by  an 
inappreciably  small  quantity.  As  this  acid  could  owe  its  activity 
solely  to  its  hydrogen  ions,  because  of  the  fact  that  the  carbonate 
ion  has  no  rusting  or  dissolving  action  on  the  iron,  it  is  interesting 
to  note  that  in  the  case  of  recently  boiled  water,  the  hydrogen-ion 
content  due  to  carbonic  acid  may  well  be  as  low  as  the  hydrogen 
ion  content  due  to  the  dissociation  of  pure  water. 

Iron  dissolves  in  pure  water  qualitatively  just  as  in  a  solution  of 
copper  sulphate,  hydrogen  being  deposited  in  place  of  copper. 
The  velocity  with  which  this  process  proceeds  will  depend  on  the 
temperature  and  on  the  hydrogen-ion-cpncentration  in  the  water. 
When  this  concentration  is  so  great  that  the  potential-difference 
exceeds  a  certain  value,  the  hydrogen  will  be  evolved  as  gas,  sepa* 
rating  from  the  liquid  at  the  surface  of  the  iron  as  bubbles.  This 
potential  value  depends  on  the  state  of  the  surface,  so  that  it  is 
usually  higher  than  the  theoretical  value  for  polarization  by  hy- 
drogen where  the  gas  is  in  equilibrium  with  the  solution.  Below 
this  value,  the  hydrogen,  which  is  nevertheless  being  deposited 
upon  the  iron,  but  at  a  concentration  below  that  corresponding  to 
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atmospheric  pressure,  slowly  dissolves  in  the  water,  fonning  an 
ordinary  solution  of  it,  and  escapes  by  diffusion.  Its  solubility 
will  presumably  be  proportional  to  its  pressure  even  though  this 
is  below  atmospheric  pressure. 

It  was  shown  by  Faraday  that  an  electromotive  force  below  that 
necessary  for  visible*  electrolysis  of  a  solution,  was  still  capable  of 
producing  a  continuous  though  feeble  current  which  was  then 
attributed  to  metallic  conduction  of  the  solution.  Helmholtz,  by 
his  studies  of  polarization,  showed  this  to  be  due  to  actual  elec- 
trolysis proceeding  as  above  stated.  This  polarization  phenom- 
enon should  greatly  limit  the  velocity  of  solution  of  the  iron,  even 
if  no  other  complicating  effect  due  to  the  production  of  an  in- 
soluble compound,  an  oxide  or  hydroxide,  in  case  air  be  present. 
This  is  usually  the  case  in  practice.  The  production  of  a  compact 
adherent  coating  of  oxide  on  the  surface  of  the  iron  generally 
retards  the  corrosive  acticxi.  Especially  is  this  true  at  tempera- 
tures of  steam  where  the  magnetic  oxide  is  formed.  This  oxide 
always  forms  as  an  adherent  solid  coating  on  the  iron  and  seems 
to  be  interrupted  only  by  cracks  caused  by  its  unequal  coefficient 
of  expansion  compared  with  the  iron.  The  red  oxide  or  rust  is 
always  flocculent  and  spongy  and,  besides  not  protecting  the  iron, 
actually  seems  to  increase  the  velocity  of  corrosion  in  its  vidnit)-. 
It  is  common  to  attribute  to  the  red  oxide  or  rust  a  catalyzii^ 
effect  on  the  corrosion  of  iron. 

If  the  primary  rate  of  corrosion  of  iron  independent  of  subse- 
quent formation  of  insoluble  substances  is  simply  dependent  upon 
the  concentrj^tion  of  the  hydrogen  ions  of  the  water,  anything 
which  reduced  this  concentration  should  also  reduce  the  corrosion. 
The  principles  of  equilibrium  of  chemical  reactions  when  applied 
to  the  dissociation  reaction  of  water  should  show  how,  practically, 
to  accomplish  this  reduction.  In  this  case  the  product  of  the 
concentration  of  the  hydrogen  and  hydroxyl  ions  must  remain 
constant  in  any  aqueous  solution,  for  the  principle  involved  de- 
clares this  product  to  bear  a  constant  relation  to  the  concentration 
of  undissociated  water  molecules  and  this  is  itself  evidently  con- 
stant in  aqueous  solutions.  From  various  measurements  we  arc 
led  to  believe  that  the  product  of  the  concentrations  of  the  hydro- 
gen and  hydroxyl  ions  is  approximately  lo""*.  In  pure  water  the 
concentration  of  each  of  the  two  water  ions,  hydrogen  d  hy- 
droxyl, is  therefore  evidently  lo"'.     If  additional  hydroxyl  ions 
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are  added  to  the  water  in  any  way,  the  concentration  of  the  hydro- 
gen ions  must  correspondingly  diminish,  so  that  the  product  may 
remain  constant.  Thus  the  corroding  power  of  the  water,  if  due 
to  the  hydrogen  ions,  would  be  reduced.  This  reduction  of  the 
hydrogen  ion  concentration  may  be  brought  about  by  the  addition 
of  any  alkali  to  the  water.  That  the  corrosion  is  thereby  dimin- 
ished is  a  well-known  fact  and  one  that  already  receives  many 
practical  applications.  Iron  and  steel  tools  in  process  of  manu- 
facture, between  the  roughly  ground  state  and  the  final  polished 
condition,  are  often  kept  under  water  saturated  with  lime.  This 
prevents  the  rusting  which  would  quickly  take  place  if  they  were 
left  in  moist  air.  The  effect  of  the  lime  must  be  attributed  solely 
to  the  hydroxyl  ions  which  in  turn  reduce  the  concentration  of  the 
hydrogen  ions  of  the  water.  Neutral  salts  of  calcium  do  not  exert 
this  effect  and  hence  it  can  not  be  attributed  to  the  calcium  com- 
pound nor  to  the  calcium  ion.  Other  soluble  alkalies  do  it  equally 
well  and  these  contain,  in  common,  only  the  hydroxyl  ion. 

One  of  the  most  common  components  of  the  many  boiler-conn 
pounds  which  are  used  to  prevent  pitting  and  corrosion  in  boilers, 
where  the  water  used  is  very  pure  and  consequently  does  not  form 
a  protecting  layer  of  scale  upon  the  iron,  is  some  form  of  alkali.* 
The  alkalies  usually  used  are  caustic,  slaked  lime,  carbonates, 
borates,  altuninates,  etc.,  which  are  in.  every  case  compounds 
readily  undergoing  either  dissociation  or  hydrolysis  and  producing 
hydroxyl  ions  thereby.  Thus  again  the  concentration  of  the 
hydrogen  ions  is  reduced.  G>nversely,  the  concentration  of 
hydrogen  ions  would  be  increased  by  the  addition  of  any  salt 
whose  hydrolysis  would  produce  hydrogen  ions,  and  for  this 
reason  magnesium  chloride,  ammonium  chloride,  and  similar  com- 
pounds may  increase  the  corrosive  effect  of  waters  containing 
them. 

Free  alkali  added  to  a  boiler  water  not  only  greatly  reduces  the 
concentration  of  the  hydrogen  ions,  from  whatever  source,  thus 
diminishing  the  electrochemical  reaction  of  interchange  between 
hydrogen  and  iron  in  the  boiler  itself,  brt  also  produces  another 
valuable  effect.  If  a  steam  or  hot-water  heating  system  is  fed 
with  a  water  which  is  not  naturally  alkaline,  a  part  at  least  of  the 
carbonic  acid,  which  it  always  contains,  will  be  driven  from  the 
water  on  boiling  and  pass  to  the  cooler  portion  of  the  system  to 
be  redissolved  in  condensing  water.     Thus  the  return  pipes  of  the 
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system  will  be  subjected  to  the  action  of  this  acid  or  hydrogen-ion 
solution.  No  protecting  scale  of  salts  from  the  water  being  pro- 
duced in  these  return  pipes,  such  as  is  almost  always  product  in 
the  boiler  itself,  the  corrosive  action  will  be  most  marked  in  the 
return  pipes,  and  especially  where  the  pipes  are  e3qx>sed  to  the 
action  of  continuous  supplies  of  the  water  in  motion.  This  will 
prevent  the  establishment  of  equilibria  and  the  iron  will  be  con- 
tinually removed.  It  ought  also  to  be  removed  according  to  the 
previous  discussion,  though  more  slowly,  even  if  no  carbonic  add 
or  other  acid  were  present,  because  of  the  hydrogen  ions  of  the 
pure  water.  This  reaction  could  again  be  reduced  by  the  presence 
of  volatile  alkali  in  the  condensed  water,  but  in  practice  this  latter 
is  usually  a  negligible  effect  compared  with  the  effect  of  volatile 
acid. 

I  wish  now  to  show  that  the  effect  of  the  carbonic  acid  is  actu- 
ally a  cyclic  one,  the  same  molecule  of  acid  doing  unlimited  corro- 
sive work,  and  that  the  very  harmful  corrosion  of  return  pipes  in 
many  heating  systems  may  be  directly  attributed  to  this  usually 
inconsiderable  and  unnoticed  ingredient  of  the  water.  To  make 
this  point  clear,  let  us  imagine  a  steam-heating  system  made  up  of 
a  boiler,  with  steam  pipes  leading  to  various  heating  stacks  and 
radiators  from  which  return  pipes  bring  the  condensed  steam  back 
to  the  boiler  below  the  water-level.  For  simplicity,  we  assume 
that  the  plant  is  run  without  the  addition  of  water  after  the  boiler 
has  been  originally  charged.  In  other  words,  no  steam  is  blown 
out  into  the  air  and  the  plant  is  not  used,  as  some  are,  to  inci- 
dentally supply  hot  water  for  foreign  uses,  which  thus  requires  a 
continual  water  feed.  Our  closed  system  usually  contains,  when 
in  actual  running  condition,  a  number  of  dead-ends  where  gases 
have  accumulated  and  where  the  pipes  are  cold.  This  may  be  ob- 
served in  many  radiators  of  common  type.  Into  this  colder  por- 
tion of  the  system,  the  gases  such  as  oxygen,  nitrogen  and  car- 
bonic acid,  which  were  originally  in  the  feed  water,  will  collect. 
Here  they  will  dissolve  in  the  condensed  water  which  is  to  return 
to  the  boiler,  the  carbonic  acid  being  especially  soluble.  The 
carbonic  acid  or  its  active  hydrogen  will  cause  the  solution  of  iron 
from  the  return  pipes  and  this  iron  will  be  carried  back  towards 
the  boiler  as  bicarbonate  of  iron,  being  held  in  solution  just  as  is 
calcium  carbonate  in  water  containing  carbonic  acid.  This  may 
be  represented  by  the  reaction 
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Fe  +  2CO,  +  2H,0  =  H,Fe(CO,),  +  H,. 

In  the  case  of  the  bicarbonate  of  calcium  solution,  it  is  well 
known  that  boiling  it  decomposes  the  salt  and  liberates  half  of  the 
carbonic  acid,  leaving  a  precipitate  of  calcium  carbonate.  In  case 
of  the  soluble  bicarbonate  of  iron,  as  will  be  shown  later,  the  de- 
composition of  the  compound  by  heat,  liberates  all  of  the  carbonic 
acid  instead  of  half  of  it  and  produces  the  insoluble  oxide  or 
hydroxide  of  iron.  Whether  this  decomposition  of  the  soluble 
irxMi  salt  takes  place  in  the  boiler  after  the  solution  has  returned  to 
it,  or  in  the  return  pipe  where  the  proximity  to  the  boiler  produces 
a  sufficiently  high  temperature,  is  of  no  immediate  importance. 
In  either  case,  the  carbonic  acid  is  all  set  free  and  must  immedi- 
ately return  with  steam  to  the  cooler  parts  of  the  system ;  there 
again  it  will  dissolve  in  the  condensate,  again  render  soluble  some 
iron  and  carry  it  towards  the  boiler  and  so  forth.  In  each  cycle 
of  this  kind  hydrogen  will  be  set  free  which  will  remain  in  the 
cooler  parts  of  the  system,  as  it  is  but  slightly  soluble  in  water.  It 
seems  necessary,  therefore,  that  in  common  practice  a  very  small 
quantity  of  carbonic  acid  must  often  cause  an  unlimited  amount  of 
corrosion,  without  in  any  way  losing  its  power  to  continue  the 
process.  The  process  of  corrosion  of  the  iron  in  this  case  will 
amount  in  toto  to  the  union  of  iron  with  the  oxygen  of  water  and 
liberation  of  hydrogen,  the  carbonic  acid  acting  merely  as  a 
catalyzer,  where  the  mechanics  of  its  action  is  apparent. 
This  peculiar  condition  of  affairs  has  been  observed  by  us 
in  certain  large  heating  systems  where  we  have  found,  first 
the  carbonic  acid  of  the  feed  water ;  secondly,  much  carbonic  acid 
mixed  with  hydrogen,  nitrogen,  and  oxygen  in  dead-ends  or  cold 
parts  of  the  system ;  thirdly,  water  in  the  return  pipes,  where  very 
rapid  corrosion  of  the  piping  was  taking  place,  in  which  much 
dissolved  bicarbonate  of  iron  was  found ;  and,  finally,  much  pre- 
cipitated oxide  of  iron  in  the  boiler  and  hottest  parts  of  the  return 
pipes. 

It  has  been  possible  also  to  reproduce  these  phenomena  in  the 
laboratory  in  various  ways  and  in  some  cases  in  glass  apparatus 
where  the  complete  cycle  becomes  practically  visible.  In  connec- 
tion with  his  thesis,  Mr.  C.  L.  Wright  arranged  an  apparatus  of 
which  a  sketch  is  shown.  Pure  distilled  water  was  boiled  in  the 
flask  A,  and  various  quantities  of  air  and  carbonic  acid  mixtures 
were  enclosed  in  the  system  which  was  kept  nearly  at  atmospheric 


404 


W.  R.  WHITNEY. 


pressure  by  the  liquid  seal  made  by  the  bottles  B  connected  witfathe 
condenser  C.  The  steam  condensed  and  took  up  a  little  of  the 
carbonic  acid;  this  solution  came  into  contact  with  a  piece. of 
cleaned  iron  pipe,  P,  from  which  the  outer  layer  had  been  re- 
moved in  the  lathe.  This  iron  was  supported  in  an  extractor,  E, 
between  the  condenser  and  the  boiler  in  such  a  way  that  it  was 
alternately  covered  with  the  water  and  uncovered  by  the  intcrnait- 
tent  siphon  action  of  the  extractor. 

In  the  first  few  experiments  a  precipitate  was  soon  formed  in 
the  boiler  which  was  not  analyzed,  but  which  was  evidently  a  mix- 
ture of  hydroxide  of  iron  and  silica  from  the  glass.  Subsequent 
experiments  in  the  same  apparatus  differed  in  result  from  the  first 
one  and  showed  that,  in  the  absence  of  free  oxygen,  the  boiler 
water  simply  became  black  and  opaque  but  showed  little  or  no 
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precipitate.  The  glass  tube  leading  from  the  condenser  to  the 
boiler  was  also  quickly  coated  with  a  black^  deposit  of  iron  oxide. 
It  was  evident  that  iron  was  being  dissolved  and  the  resulting 
compound  decomposed  in  the  boiler,  and  in  the  hot  return  tube, 
but  it  was  at  first  thought  peculiar  that  the  precipitate  which  ap- 
pears when  the  glass  or  flask  is  a  new  one,  was  not  produced  in 
subsequent  experiments  with  the  same  apparatus.  This  led  to 
attributing  the  actual  formation  of  a  precipitate  in  the  first  case  to 
the  presence  of  dissolved  glass.  The  dark  color  could  only  be  due 
to  the  iron.  The  clear,  black,  filterable  solution  obtained  from 
such  previously  used  apparatus  was  then  shown  to  be  a  colloidal 
solution  of  iron  oxide  by  the  following  method :  Small  quantities 
of  such  salts  as  sodium  and  barium  chloride  were  added  to  por- 
tions of  the  clear,  black  water,  and  they  caused  an  immediate 
coagulation  and  a  consequent  heavy  precipitate,  coupled  with  com- 
plete decolorization  of  the  solution.  This  precipitate,  well  washed 
by  decantation  with  pure  water,  was  treated  with  dilute  sulphuric 
acid  in  a  closed  vessel  and  pure  air  passed  through  this  and  then 
through  a  vessel  containing  a  barium  hydroxide  solution.  The 
failure  to  produce  a  precipitate  of  barium  carbonate  in  this  barium 
hydroxide  solution  showed  that  the  original  compound  did  not 
contain  a  carbonate.  The  precipitate  was  shown  to  contain  iron 
by  dissolving  it  in  acid,  oxidizing  and  precipitating  the  ferric 
hydroxide  by  ammonia.  The  formation  of  this  colloidal  solution 
of  ferrous  oxide  is  in  exact  accord  with  the  principles  which  de- 
termine the  formation  of  colloidal  solutions  in*  general.  It  is  a 
general  principle  that  whenever  any  substance  which  is  by  nature 
insoluble,  is  formed  in  water,  it  will  tend  to  remain  in  a  colloidal 
or  suspended  state  until  coagulated  by  electrolytes. 

In  the  production  of  most  precipitates  in  common  laboratory 
reactions,  there  are  always  sufficient  electrolytes  present  to  account 
for  the  coagulation  of  the  insoluble  substances,  if  we  may  judge 
by  the  concentration  usually  necessary  where  measurements  have 
been  made.  Where  this  is  not  the  case,  a  colloidal  state  usually 
results.  In  the  case  at  hand,  there  are  practically  no  electrolytes 
present  when  the  soluble  ferrous  bicarbonate  is  decomposed  by 
heat,  as  this  process  requires  the  presence  of  but  exceedingly 
small  quantities  of  soluble  salts  in  the  solution  at  any  one  time. 
The  insoluble  ferrous  oxide  consequently  remains  in  the  colloidal 
state.    This  colloid  may  be  precipitated  by  salts  dissolved  from 
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the  glass  vessel,  if  of  sufficient  concentration,  as  was  the  case  with 
new  glass  apparatus,  and  in  this  respect  this  colloid  is  like  many 
others,  such  as  platinum  and  silica. 

The  ease  with  which  the  soluble  iron  salt  is  decomposed  by  heat 
was  well  shown  in  the  glass  tube  connecting  the  condenser  and 
boiler,  the  return  pipe  of  the  above  experiment.  Above  the 
stopper  of  the  flask,  where  this  tube  was  fairly  cool,  the  glass  it- 
mained  clear,  but  below  the  stopper  where  the  tube  was  heated 
by  the  steam  of  the  flask,  it  was  covered  deeply  with  a  black  d^ 
posit,  probably  ferrous  oxide.  The  deposition  of  this  substance 
at  this  part  of  the  return  tube,  commenced  almost  immediately  on 
starting  the  experiment. 

An  experiment  carried  out  in  this  way  where  pure  water  and 
carbon  dioxide  were  used,  where  analysis  showed  the  gaseous 
mixture  to  contain  ii  per  cent,  carbon  dioxide,  produced  sudi 
rapid  corrosion  of  the  iron  that  within  a  few  days  nearly  a 
third  of  the  exposed  surface  had  been  eaten  away  to  depths  of 
several  hundredths  of  an  inch,  at  which  rate  an  ordinary  pipe 
would  not  last  more  than  a  few  months.  It  is  not  surprising  that 
carbonic  acid  should  dissolve  iron  under  these  conditions,  but  the 
fact  that  this  corrosive  action  is  a  cyclic  one,  in  which  under  suit- 
able circumstances  even  a  trace  of  carbonic  acid  may  dissolve  an 
unlimited  quantity  of  iron  without  losing  its  corrosive  power,  has 
not  received  sufficient  attention. 
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A  PROPOSED  METHOD  OF  TESTING  WOOD  TREATED  TO 

RESIST  FIRE. 

By  Cbas.  p.  McKBKlf  a. 

Reccfvad  January  19,  1909. 

In  the  spring  of  1902  an  effort  was  made  by  the  Bureau  of 
Buildings  of  the  Borough  of  Manhattan,  New  York  City,  to 
secure  more  certitude  as  to  the  qualities  of  the  so-called  fireproof 
wood  which  was  being  delivered  in  the  city  for  use  in  high  build- 
ings. 

Methods  of  test  which  have  been  in  vogue  for  some  time  in  the 
Bureau  of  Buildings  were  stated  to  be  inadequate  for  the  proper 
discrimination  between  well-treated  wood  and  that  which  was 
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treated  only  imperfectly  and  was  presumably  at  times  not  fireproof 
in  any  sense.  These  methods  included  the  test,  long  in  use  in  the 
Navy  Department,  of  exposing  shavings  to  the  influence  of  heat 
while  they  rested  upon  a  wire  screen,  timing  the  rate  of  combus- 
tion, as  well  as  estimating  its  extent ;  also  the  splinter  test  as  prac- 
ticed in  the  simple  expedient  of  holding  a  splinter  of  wood  in  and 
across  the  flame  of  a  Bunsen  burner  or  upon  a  red-hot  iron  plate ; 
also,  what  may  be  called  the  cob-work  test,  by  which  prisms  of 
wood  about  6  inches  long  and  i  inch,  more  or  less,  square,  are 
piled  with  air-spaces  between  them  and  exposed  to  the  flame  of  a 
Bunsen  burner.  There  was  finally  the  more  meritorious  test  of 
Professor  Woolson,  of  Columbia  University,  which  he  calls  the 
timber  test,  in  which  specimens  of  wood  i  inch  square  and  i  foot 
long  are  laid  in  pairs  across  the  top  of  a  6-inch  gas  furnace  and 
exposed  to  a  presumably  constant  temperature  of  i/oof  F.  The 
depth  to  which  the  specimens  were  charred  was  subsequently 
measured  and  the  unburned  area  used  as  a  basis  of  comparison. 

The  fundamental  fault  with  all  of  these  methods  of  test  lies  in 
their  neglect  of  the  chemical  factors  involved  in  the  decomposition 
of  wood  under  the  influence  of  heat.  Nor  were  proper  attempts 
made  to  standardize  the  conditions  governing  th6  application  of 
the  flame,  the  access  of  the  air,  and  the  surrounding  temperatures, 
etc.  Again,  no  instrumental  means  of  registering  the  differences 
in  the  results  obtained  were  suggested.  In  the  timber  test,  the 
accurate  measure  of  the  unburned  area  does  not  answer  this  need, 
and  fails  of  its  purpose  where  the  conditions  during  the  test  have 
so  varied. 

In  the  course  of  the  discussion  upon  this  subject  which  took 
place  about  the  time*  mentioned  in  New  York  City,  there  was 
found  to  be  a  demand  for  an  "inspector's  test" ;  that  is,  for  an 
instrumental  and  simple  test  giving  results  measurable  and  free 
from  guess  and  which  could  be  carried  on  at  the  place  of  delivery 
of  the  timber.  The  writer  approached  this  subject  from  the 
chemist's  side,  and  his  first  effort  was  to  undertake  distillation 
tests  in  closed  retorts. 

Inasmuch  as  it  was  early  admitted  that  these  fire-proofing 
processes  could  not  prevent  the  destruction  of  wood  by  fire  oper- 
ating under  its  worst  aspects  but  could  only  stay  the  disinte- 
grating effects  long  enough  to  present  the  hope  of  gaining  some 
advantage  over  the  demon,  it  seems  strange  that  the  search  for 
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this  test  did  not  then  take  the  form  of  a  study  of  the  reactions 
proceeding  during  the  inflammation  and  combustion  of  the  wood, 
as  well  as  of  those  accompanying  its  destructive  distillation  for  Ac 
purpose  of  finding  facts  leading  to  more  certain  means  of  measur- 
ing the  retarding  values  of  the  various  treatments  to  which  wood 
is  subjected  for  this  purpose.  The  writer  outlined  such  a  study  by 
means  of  destructive  distillation  of  samples  of  natural  and  of 
treated  woods ;  for,  although  combustion  and  inflammation  with 
free  access  of  air  are  undoubtedly  the  most  ccmimcKi  conditions  of 
a  conflagration,  yet  the  breaking  down  of  the  cellulose  mdecule, 
of  the  fundamental  tissues  of  the  wood,  as  well  as  of  its  allied 
organic  and  mineral  constituents,  takes  place  from  the  center  of 
large  masses  as  a  distillation  without  air,  just  as  it  does  also  when 
timber  and  planking  burn  at  the  back  of  a  hot  brick  wall,  or 
within  a  metal-cased  door  or  window  frame,  or  where  electric 
wiring  passes  over  wood  encased  in  concrete  flooring  or  in  walls. 
The  prosecution  of  such  studies  has  been  stayed  through  lack  of 
means,  but  the  initial  efforts  nevertheless  have  resulted  in  this  pro- 
posed method  of  testing  which,  with  the  apparatus  offered,  seems 
to  be  the  means  for  easily  making  an  extended  series  of  critical 
observations. 

Some  early  distillations  made  upon  charges  of  wood  shavings 
in  6-ounce  glass  retorts  heated  by  a  triple  Bunsen  burner  develc^ 
the  fact  that  when  the  temperature  reaches  250**  C.  the  volatile 
products  cease  to  be  driven  off  and  temporarily  a  vacuum  is  pro- 
duced if  the  heat  is  not  promptly  raised.  This  took  place  in  every 
case  in  not  over  three  minutes  of  such  heat  conditions,  and  also, 
under  the  same  conditions,  the  yield  of  gas  was  quite  uniform  for 
different  woods.  To  secure  higher  temperatures  in  a  brief  time, 
the  electric  wire  method  was  adopted.  This  led  to  the  invention 
of  an  electric  test  retort,  and  this  in  turn,  when  tried  on  numerous 
lots  of  wood,  quickly  developed  the  fact  that  the  little  instrument 
was  exactly  adapted  to  meet  all  the  requirements  of  an 
inspector's  test  when  the  original  untreated  wood  is  at  hand  to 
compare  with  the  treated,  and  perhaps  also  where  original 
samples  cannot  be  obtained.  This  apparatus  is  described  in  my 
paper  presented  at  this  meeting  under  the  title  "Electric  Test 
Retort." 

In  using  it  for  the  study  of  fire-proof  wood,  it  has  been  my  aim 
to  simplify  it,  as  well  as  the  details  of  the  testing,  in  order  that 
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numerous  samples  of  wood  could  be  examined  easily  and  quickly. 

A  large  gas  burette  was  provided,  having  with  it  a  large  reser- 
voir for  leveling,  and  this  in  connection  with  the  electric  test 
retort  were  all  that  I  found  necessary  for  making  critical  tests  of 
treated  woods.  Absorption  tubes  for  the  pyroligneous  products 
could  be  provided,  but  in  the  work  in  hand  the  necessity  was 
obviated  as  much  as  possible  by  the  high  initial  heat  and  by  pro- 
viding that  the  water  in  the  gas  burette  shall  absorb  the  pyro- 
ligneous products  until  nearly  saturated  with  them. 

Violette,  as  quoted  by  Sadtler*  in  studies  devoted  to  distillation 
of  wood,  found  that  when  it  is  slowly  heated  the  water  and  pyro- 
ligneous acids,  alcohols,  and  cr<.osote  are  all  driven  oS  up  to  and 
at  280**  C.  to  the  extent  of  63.8  per  cent,  of  the  original  weight ;  a 
large  volume  of  gas  up  to  and  at  350®  C. ;  and  up  to  and  at  430**  C. 
a  total  loss  of  weight  of  81  per  cent,  is  experienced.  But  quickly 
heated  wood  placed  at  once  in  the  retort  at  432®  C.  lost  91  per 
cent.  Senff,*  in  distilling  a  variety  of  woods  in  100  kg.  charges, 
found  that  the  uncondensed  gases  in  slowly  heated  samples  varied 
from  17.17  per  cent,  to  29.23  per  cent,  with  an  average  of  22.64  per 
cent,  for  fifteen  examples  of  different  woods;  the  uncondensed 
gases  resulting  from  quickly  heated  samples  varied  from  24.07 
per  cent,  to  35.56  per  cent.,  with  an  average  for  fifteen  samples  of 
31.50  per  cent.  He  found  that  the  charcoal  varied  from  23.23  per 
cent,  to  34.68  per  cent,  with  an  average  of  27.59  P^""  c^"^-  ^"  slowly 
heated  samples,  and  from  20.20  per  cent,  to  31.59  per  cent.,  with 
an  average  of  23.09  per  cent.,  in  quickly  heated  samples.  He  also 
found  the  very  important  fact  that  the  more  common  woods,  as 
oak,  beech,  birch,  poplar,  and  pine,  show  by  the  results  of  the  de- 
structive distillation  that  they  resemble  one  another  very  much  in 
fundamental  composition  and  give  like  results  in  the  yield  of  the 
respective  products. 

Hence,  we  should  have  in  the  electric  test  retort  an  opportunity 
to  heat  quickly  to  the  highest  temperature,  thus  obtaining  the 
maximum  gas  yield.  Fortunately,  also,  in  this  test  retort,  it  is  not 
strictly  a  distillation  without  access  of  air ;  it  is  really,  in  a  small 
way,  quite  a  perfect  duplication  of  conditions  existing  at  the 
beginning  of  a  fire  in  a  closed  space,  and  we  have  also  in  this 
apparatus  an  opportunity  to  introduce  air  in  measured  quantities, 
if  required. 

>  "  Handbook  of  Industrial  Organic  Chemistry,"  second  edition,  p.  344. 
*  Ber.  d.  ckem.  Ges.^  18, 60. 
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In  conducting  the  test,  a  small  charge  of  wood,  cut  as  a  little 
cylinder  about  0.5  inch  long  and  0.25  inch  wide,  weighing  about 
500  mg,,  is  placed  within  the  platinum  wire  basket,  the  dome  is 
placed  upon  the  apparatus  and  clamped  tightly  by  suitable  means, 
and  the  tube  leading  off  from  the  dome  is  connected  to  the  gas 
measuring  burette  having  the  usual  reservoir  tube  attached.  A 
current  at  a  difference  of  potential  of  120  volts  and  a  strength  of 
from  7  to  12  amperes  is  used.  Great  precautions  are  needed  to 
keep  the  current  strength  steady,  and  a  7.5  ampere  current  is  the 
best  strength  for  this  experiment.  Tests  made  with  the  Le 
Chatelier  pyrometer  show  that  the  temperature  within  the  coil 
with  a  7.5  ampere  current  is  680 **  C. ;  with  a  10  ampere  current 
the  temperature  rises  at  the  end  of  three  minutes  to  840**  C.  The 
charge  of  wood  is  subjected  to  the  effects  of  a  current  of  7.5 
amperes  for  exactly  two  minutes,  the  gas  being  conducted  to  the 
burette.  Observations  of  the  glow,  if  any,  and  of  the  amount  of 
smoke  and  the  character  of  same,  can  all  be  made  and  recorded. 
At  the  close  of  the  two-minute  interval,  the  current  is  shut  off,  the 
gas  burette  stop-cock  closed  and  air  admitted  to  the  retort  by 
opening  the  tubulure  at  the  side.  The  gas  in  the  burette  is  cooled, 
and  the  volume  measured.  Or,  if  a  series  of  tests  are  being  made, 
the  conditions  of  which  are  known  and  invariable,  the  volume 
could  be  read  without  correction,  where  so  noted.  So  also,  the 
correction  for  the  volume  of  air  increased  by  the  heat  of  the  con- 
tents of  the  retort  can  be  neglected,  for  it  will  be  found  to  be  a 
very  constant  figure  under  uniform  conditions.  Thus,  with  some 
experiments  in  blanks,  in  heating  without  the  charge  with  a  7 
ampere  current  for  two  minutes  the  results  were  23.6,  22.8,  22.8, 
22.6,  anfl  22.6  cc.  With  a  6.5  ampere  current  for  two  minutes, 
the  results  were  21.6,  21.6,  and  21.6  cc.  Other  experiments  gave, 
with  a  7  ampere  current  for  two  minutes,  21  cc.  average ;  with  a 
7.5  ampere  current  for  two  minutes,  24  cc.  average ;  with  an  8 
ampere  current  for  two  minutes,  26.5  cc.  average;  and  others 
with  an  8  ampere  current  for  two  minutes,  26  cc.  average. 

The  following  experiments  demonstrate  that  the  gas  yield  and 
coal  from  the  distillation  of  small  pieces  of  some  of  the  more  com- 
mon woods  could  be  used  as  a  criterion  of  the  extent  of  retarda- 
tion of  fire  caused  by  the  proofing  processes. 

Spruce ;  0.500  gram ;  fireproof ;  heated  for  two  minutes  by  9 
ampere  current : 
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cc. 

Gaa  yield 1 16.5 

••      *•     124.5 

"      "     117.0 

Average 119.3 

The  same  wood  leached  in  boiling  water  and  dried  to  normal 
moisture : 

cc. 

Gas  yield 136.5 

**      "     129.0 

*«      •'     136.0 

Average 133.8 

Birch ;  0.500  gram ;  8  ampere  current  for  two  minutes : 

Gas  yield. 

Untrmted.  Treated, 

cc  cc. 

164  151 

165  160 
171  162 
165  153 
167 

Average,       166.4  Average,    156.5 

The  four  specimens  of  char  of  the  treated  wood  showed  an 
average  weight  of  147.6  mg.,  and  those  of  the  untreated  wood 
averaged  100  mg.  The  percentage  of  charcoal  left  in  the  treated 
wood  was  29.5  per  cent.,  and  in  the  other  20  per  cent. 

With  exercise  of  more  care,  similar  experiments  gave  the  fol- 
lowing results : 

Birch ;  0.500  gram ;  7  ampere  current,  125  volts,  two  minutes : 

Gas  yield. 

Untreated.  Treated, 

oc.  cc. 

125  95 
127  105 
124                                                             105 

126  103 
126  108 
132                                                             104 

Average,       126.6  Average,     103.3 
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CharooAl. 

Untreated.  Treated. 

Gr.  Or. 

0.1037  0.1643 

0.1026  0.1540 

0.1065  0.1595 

0.1025  0.1700 

0.1062  0.168 I 

0.1016  O.1661 

Average,,     0.03541  Average,      0.16366 

The  following  experiment  was  performed  with  the  assistance  of 
one  of  the  companies  practicing  the  fire-proofing  art :  A  sample  of 
birch,  of  which  I  was  g^ven  an  initial  untreated  specimen,  was 
fireproofed  for  me  in  a  small  test  cylinder,  using  a  solution  of  the 
density  with  which  they  were  accustomed  to  operate  on  a  large 
scale.  Two  solutions  of  less  density  by  one-third  and  two-thirds 
of  the  dissolved  salts  were  also  prepared  and  used  on  specimens  of 
the  same  wood  on  separate  runs  of  the  cylinder.  I  was  thus  pro- 
vided with  four  specimens  of  wood  of  the  same  lot:  the  first, 
natural ;  the  second,  treated  with  a  dilute  solution ;  the  third,  with 
one  mon5  dense;  and  the  fourth,  with  one  mOst  dense.  These 
were  numbered  "o,"  "i,"  "2,"  and  "3,"  respectively.  In  the  test 
retort  they  gave  the  following  results: 

0.500  gram;  7  ampere  current,  125  volts,  two  minutes: 

Gas  yield. 

"0"  "I"  "a"  "3" 

cc.  cc.  cc.  cc. 

112  89  99  97 

108  92  97  95 

104  88  92  '92 

107  87  99  93 

107  89  95  91 

Average,       107.6  88.6  96.4  93.6 

Average  weight  of  the  charcoal  from  each : 

Milligranu.  Per  cent. 

••o»' 103  ao.6 

*'I" 136  27.2 

"2»' 120  24.0 

"3" 133  '  26.6 

If  the  decomposition  into  gaseous  products  and  coal  measures 
the  value  of  the  treatment,  the  least  dense  solution  gave  the  best 
result,  which  is  probably  true,  as  it  was  an  alum  process,  and  the 
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penetration  of  the  cell-walls  was  probably  more  perfect  with  the 
most  dilute  solution. 

Experiments  with  Yellow  Pine,  treated  by  another  process  and 
patent  than  the  preceding.  This  yellow  pine  gave  the  following 
results  (as  there  was  nb  original  stock  offered,  the  "untreated" 
specimens  were  obtained  from  scraps  of  yellow  pine  in  a  carpenter 
shop)  : 

0.500  gram ;  8  ampere  current,  125  volts,  two  minutes : 

Gas  yield. 

Untreated.  Treated, 

cc.  cc. 

125  87 

131  86 

128  88 

133  86 

134  86 

Average,        130.2  86.6 

Average  weight  of  four  samples  of  charcoal : 

Untreated.  Treated. 

0.0979  gram  or  19.58  per  c^nt.        o.  191 2  gram  or  38.24  per  cent. 

Yellow  pine  untreated : 
(a)  Dried. 
(&)  With  normal  moisture,  7.1  per  cent,  more  waterthan  (a). 

Gas  yield. 


(a) 

cc. 

cc. 

143 

128 

132 
134 

Average,    T36 

131 

Charcoal,  average 

weight : 

Gram. 

Gram. 

o.  102  0.0963 
Yellow  pine,  treated: 
{c)  Dried, 
(rf)  With  normal  moisture,  3.6  per  cent,  more  waterthan  (c). 

Gaa  yield. 

(S  3) 

cc.  cc. 

90  02 

ox  88 

89  88 

90  85 

Avenge,    90  88 
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Charcoal,  average  weight: 

(e)  (d) 

Gram.  Gram. 

0.198  0.1882 

Three  questions  arise:  Will  not  errors  be  introduced  by  the 
moisture  of  the  wood  ?  This  is  to  be  met  in  the  same  way  as  in 
previous  methods  of  test;  namely,  by  the  preparation  of  dried 
samples  subsequently  exposed  for  the  absorption  of  the  normal 
amount  of  water.  Whether  it  would  vitiate  the  results  obtained 
by  inspectors  having  limited  facilities  for  such  work,  will  have  to 
be  determined.  Are  not  the  results  modified  by  the  superior  den- 
sity of  the  treated  sample  over  the  normal  wood  that  contains  no 
salts  ?  Naturally  this  should  be  so  in  finding  the  weight  of  the 
char  residue ;  but  in  all  experiments  it  seems  to  be  an  unimportant 
quantity,  and  in  some  it  would  appear  that  the  wood  which  is 
heavier  from  treatment  with  the  dense  solution  of  an  inferior  fire- 
proofing  salt  will  give  a  very  large  gas  yield.  Would  not  gases 
generated  from  the  chemicals  also  modify  the  results?  The  only 
process  where  it  possibly  would,  is  in  using  ammonitmi  salts  or 
carbonates  and  proper  provision  should  be  made  for  the  absorption 
of  the  gases  as  each  case  would  require. 

It  would  seem  to  me  to  be  indicated  by  the  preceding  that  the 
degree  to  which  total  decomposition  without  air  can  be  inhibited 
by  previous  chemical  treatment  in  wood  subjected  to  a  high  heat 
can  be  definitely  measured  by  subjecting  small  test  pieces  to  distil- 
lation, that  this  test  operation  can  be  easily,  quickly,  and  accu- 
rately performed  in  the  small  retort  as  shown,  and  that  the  number 
of  such  tests  which  can  be  made  in  a  short  time  on  small  pieces  is 
so  great  that  a  good  average  could  be  selected  in  chips  from  diflFer- 
ent  parts,  interior,  exterior,  etc.,  of  lots  of  timber  as  delivered.  It 
seems  probable  also  that  in  the  conditions  surrounding  experiments 
in  such  a  retort,  an  equally  accurate  measure  can  be  found  of  the 
resistance  to  inflammation  of  woods  before  and  after  treatment, 
with  access  of  air. 

I  hope  to  continue  such  experiments  in  the  future,  if  circum- 
stances favor. 


AN  ELECTRIC  TEST  RETORT.' 

*  By  Cbaa.  p.  McKbnna. 

RacaiTttd  January  19.  1909. 

The  apparatus  described  in  this  paper  is  the  result  of  demands 
made  to  carry  on  distillations  of  man^  samples  of  wood  in  small 
pieces.  After  its  development  was  reached,  it  appeared  also  to 
afford  so  many  opportunities  for  use  in  the  laboratory  in  situations 
where  the  crucible  is  used,  and  even  for  the  combustion  of  carbon, 
the  ignition  of  minerals,  etc.,  that  I  have  thought  it  worthy  of  de- 
scription here. 

It  consists  of  a  vessel  of  Jena  glass  about  4  cm.  in  diameter, 
with  a  dome-shaped  piece  attached  to  it  by  clamps  and  from  which 
a  tube  leads  to  a  proper  absorption  apparatus.  The  upper  edge  of 
this  glass  vessel  is  turned  flat  and  ground  to  a  perfect  matt  and 
plane  surface.  The  dome  is  provided  to  match  this  and  fit  with  a 
similar  flat  surface.  A  simple  form  of  clamp  may  be  used  to  hold 
the  dome  upon  the  retort.  At  present  I  am  using  a  small  and  not 
elegant,  but  very  satisfactory,  wood  clip  such  as  is  used  in  holding 
photographic  papers.  With  a  very  slight  lubrication  of  the 
ground  glass  surfaces  and  two  of  these  clips,  a  higher  pressure 
can  be  resisted  than  is  likely  to  be  met  with  in  using  gas  burettes 
and  reservoirs.  The  globe  of  this  glass  apparatus  terminates 
below  in  a  tube  about  1.5  cm.  in  diameter  cemented  into  a  wood 
base,  up  through  which  go  two  leading-in  wires  of  copper.  In  the 
terminals  of  these  are  fastened  the  terminals  of  a  platinum  wire 
which  is  wound  to  make  a  basket-like  coil,  and  this  forms  the 
retort  proper  in  the  center  of  the  glass  globe.  In  the  side  of  the 
large  glass  tube  is  a  smaller  one  provided  with  a  stop-cock  to  admit 
air,  oxygen,  etc 

In  operating  with  this  apparatus,  the  connections  are  duly  made 
with  a  lighting  circuit,  and  the  current  regulated  by  a  metal  or  water 
rheostat,  or  perhaps  by  both,  if  convenient.  For  the  work  and  the 
purposes  for  which  this  instrument  has  so  far  been  used,  I  have 
made  some  temperature  observations  by  means  of  the  Le  Chatelier 
pyrometer.  The  current  was  left  as  closely  as  possible  at  7.5 
amperes,  with  a  difference  of  potential  of  120  volts.  The  temper- 
ature within  the  coil,  when  protected  from  cooling  by  air,  was 
fofind  to  be  680^  C.    Using  a  10  ampere  current,  the  temperature 

>  Read  at  tiie  Wadtington  meeting  of  the  American  Chemical  Society. 
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rises  at  the  end  of  three  minutes  to  840**  C.  Of  course  it  is  pos- 
sible to  reach  temperatures  of  any  degree  up  to  the  fusion  of  the 
wire. 

I  have  found  this,  as  already  stated,  to  be  extremely  useful  in 
conducting  several  distillation  tests  with  small  charges  of  wood. 
It  could  be  adapted  for  use  as  an  ignition  crucible  by  repladng 
the  semi-spherical  coil  with  wire  wound  as  a  cone  and  preparing 
cone-shaped  asbestos  pads  to  fit  in  the  same.  It  would  then  be 
possible  to  use  the  apparatus  fdr  igniting  limestones,  cements,  etc 
It  could,  I  believe,  be  equally  as  well  adapted  for  the  combustion 
of  carbon  from  steel,  since  the  carbon  residue  could  be  filtered 
upon  an  asbestos  cone  pad  and  placed  in  this  coil,  and  by  prepar- 
ing the  proper  train  of  apparatus,  a  perfect  combustion  could  be 
made.  Its  size  and  convenience  and  adaptability  seem  to  me  to 
promise  much  in  this  and  similar  uses. 


THE  DETERMINATION  OF  POTASH  IN  FERTILIZERS  BY 

SUBSTITUTINQ  MILK  OF  LIME  FOR  AHnONIA  AND 

AnnONIUM  OXALATE  AS  THE  PRECIPITANT. 

BY  C.  I*.  HARE. 
Received  January  9, 1903. 

The  Lindo-Gladding  method  for  the  determination  of  potash  in 
fertilizers  possesses  one  particularly  objectionable  feature.  The 
evaporation  and  ignition  of  an  aliquot  portion  with  sulphuric  add 
for  the  purpose  of  expelling  anunonium  salts  and  destroying  dis- 
solved organic  matter  is  a  tedious  process  and  involves  loss  from 
spattering  during  evaporation; 

A  reliable  modification  which  would  exclude  this  feature  would 
be  highly  desirable.  At  the  sixteenth  annual  meeting  of  the 
Association  of  Official  Agricultural  Chemists,  Ross  presented  a 
method  based  upon  the  use  of  barium  carbonate  as  a  precipitant 
for  phosphates,  iron,  alumina,  etc.  He  later  suggested  milk  of 
lime  as  a  precipitant  and  the  writer  in  1901  reported  results  ob- 
tained by  collaborators  on  official  methods  for  potash  determina- 
tions. 

The  method  employed  is  as  follows:  Weigh  out  10  grams  of 
the  sample  and  boil  with  about  350  cc.  of  water  for  thirty  minutes; 
while  hot,  add  milk  of  lime  till  slightly  alkaline.    Cool,  make  up 
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to  500  cc.  with  water  and  remove  50  cc,  tX)rresponding  to  i  gram. 
Acidify  with  hydrochloric  add,  add  platinum  solution  and  evapo- 
rate to  soft  dr3mess  over  the  water-bath.  The  residue  is  then 
washed  with  80  per  cent,  alcohol  and  ammonium  chloride  wash  as 
in  the  Lindo-Gladding  method. 

In  case  of  fertilizers  containing  organic  matter,  treat  10  grams  of 
the  sample  with  dilute  sulphuric  acid  (1:1)  and  incinerate ;  moisten 
the  ignited  mass  with  dilute  sulphuric  acid  (1:1)  and  heat  to  aid 
in  removing  from  the  dish,  boil  with  350  cc.  water  and  proceed  as 
before.  The  milk  of  lime  precipitates  all  lime  except  that  present 
as  sulphate  and  the  solubility  of  the  sulphate  being  only  i  in  500, 
the  aliquot  of  50  cc.  will  contain  only  o.i  gram  of  that  sub- 
stance, an  amount  readily  removed  by  the  ammonium  chloride 
wash-water  and  insufficient  to  cause  material  trouble  either  when 
the  solution  is  made  with  water  direct  or  after  incineration  with 
sulphuric  acid.  The  potassium  platinic  chloride  crystallizes  well, 
and,  after  washing  with  alcohol,  the  salts  of  lime  appear  in  light 
flakes  which  never  require  more  than  six  washings  with  ammo- 
nium chloride  wash  for  complete  removal. 

The  modification  possesses  several  advantages  over  the  Lindo- 
Gladding  method:  First,  the  precipitation  of  lime  is  immediate 
and  there  is  no  delay  at  this  point ;  second,  evaporation  to  expel 
ammonium  salts  is  eliminated;  third,  probable  loss  of  potash 
during  the  evaporation  is  obviated;  Fourth,  washing  the  potas- 
sium platinic  chloride  with  alcohol  and  ammonium  chloride  wash 
may  be  performed  thoroughly  with  greater  ease  and  rapidity, 
while  no  larger  amount  of  platinum  is  required  than  by  the  Lindo- 
Gladding  method.  The  accuracy  of  the  method  is  evidenced  by 
results  as  shown  in  the  tables.  It  has  been  used  by  the  writer 
upon  several  hundred  samples  of  miscellaneous  fertilizers  as  a 
check  against  the  Lindo-Gladding  method,  but  it  is  evident  that 
the  modification  would  not  be  applicable  to  fertilizers  containing 
ammonium  salts. 

Table  I  gives  parallel  results  by  the  milk  of  lime  and  the  Lindo- 
Gladding  methods  upon  fertilizers  containing  no  organic  mate- 
rials, the  solution  in  each  case  being  made  by  boiling  the  sample 
with  water. 


4i8 


C.  L. 

,  HARE. 

Tabi,e  I. 

I^ime. 

Undo-Gladding. 

Ume. 

Undo-GUdding. 

Ume. 

1. 02 

1.29 

1.42 

1.62 

4.51 

4.53 

2.33 

2.20     ' 

I.91 

I.91 

1.97 

1.87 

2,42 

2.42 

1.95 

2.12 

2.54 

2.64 

2.56 

2.45 

2.44 

2.36 

1.09 

1.04 

1. 10 

0.90 

2.14 

1.89 

1.75 

I* 

1.66 

1.88 

1.76 

1.88 

2.59 

2.44 

1.40 

1.65 

0.84 

0.80 

4.33 

4.53 

2.44 

2.35 

2.41 

2.35 

5.24 

5.17 

1.58 

1.73 

2.29 

2.08 

0.81 

0.98 

1.06 

1.29 

3.91 

4.02 

1.96 

1.89 

2.59 

2.63 

2.46 

2.46 

4.36 

4.47 

3.12 

2.93 

2.10 

2.08 

2.52 

2.26 

2.11 

2.27 

2.50 

2.76 

4.37 

4.33 

2.49 

2.74 

1.75 

1.89 

1.95 

1.66 

3.91 

3.86 

X.2I 

1.44 

1.50 

1.80 

1.49 

1.32 

5.33 

5.65 

2.16 

2.00 

4.26 

4.10 

2.72 

2.76 

2.49 

2.76 

3.41 

3.40 

2.51 

2.67 

4.21 

4.04 

Inspection  of  the  tables  reveals  differences  ranging  from  0  to 
0.27,  with  two  exceptions,  in  a  total  of  60  samples.  Of  this  num- 
ber, 46  show  differences  less  than  0.20  per  cent,  while  the  average 
difference  is  o.io  per  cent. 

This  average  difference  is,  of  course,  without  value  as  an  indi- 
cation of  accuracy  unless  considered  in  connection  with  the  varia- 
tion of  each  pair  of  parallel  determinations,  but  where  so  large  a 
percentage  of  duplicates  fall  within  the  limits  of  probable  error, 
the  average  in  differences  of  the  entire  number  of  determinations 
indicates  in  a  measure  the  comparative  accuracy  of  the  two 
methods. 

Considering  that  the  figures  in  the  tables  represent  first  results 
and  in  no  case  a  second  determination  by  the  same  method,  results 
by  the  milk-of-lime  methpd  appear  quite  as  reliable  as  those  ob- 
tained by  the  Lindo-Gladding.  In  the  regular  course  of  labo- 
ratory work  duplicate  determinations  by  one  and  the  same  method 
may  easily  show  less  closely  agreeing  results. 

Table  II  shows  parallel  results  obtained  from  fertilizers  con- 
taining organic  materials.  The  samples  in  each  case  were  treated 
with  dilute  ( i :  i )  sulphuric  acid  and  incinerated  before  dissolving 
in  water. 
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Table  II. 

Umc. 

I«indo-Gladding. 

I^me. 

Undo-Gladdiog. 

I^ime. 

I«indo-Gladding. 

2.16 

2.21 

1.87 

1.84 

2.58 

2.53 

I.71 

1.70 

1-3^ 

1.51 

2.13 

2.24 

2.27 

2-39 

2.46 

2.48 

1.48 

1.49 

1.35 

1.08 

1-59 

1.60 

2.07 

1.80 

1.51 

1.50 

2.49 

2.38 

2.37 

2.60 

1.92 

1.98 

1.66 

1.70 

2.59 

2.45 

2.3^ 

2.38 

2.09 

2.II 

2.12 

1.96 

3.46 

3.33 

1.59 

1.57 

2.73 

2.59 

1.32 

1.46 

2.37 

2.10 

2.71 

2.61 

2.65 

2.53 

2.16 

2.20 

2.61 

2.89 

1.62 

1.82 

2.66 

2.42 

2.38 

2.08 

1.97 

1.78 

r.i6 

1.20 

2.44 

2.63 

2.20 

2.29 

3.22 

3.II 

2.21 

2.13 

I.31 

I-3I 

2.41 

2.28 

2.28 

2.33 

3.67 

3.46 

338 

3.36 

By  reference  to  Table  II  we  find  variations  ranging  from  o  to 
0.30  per  cent,  in  a  total  of  forty-four  determinations.  Thirty-four 
of  these  give  differences  of  0.20  per  cent,  or  less,  results  averaging 
0.06  per  cent,  higher  by  the  lime  method  than  by  the  Lindo- 
Gladding. 

Table  III  contains  results  from  fertilizers  containing  organic 
materials.  The  samples  were  ignited  with  sulphuric  acid  ( i :  i )  be- 
fore obtaining  solutions  for  the  lime  method,  while  for  the  Lindo- 
Gladding,  solution  was  obtained  by  boiling  the  unignited  sample 
with  water. 


TABI.E  III. 

Ume. 

I«indo-Gladdiog. 

Ume. 

Lindo^ladding. 

Ume. 

Undo-Gladdiag. 

1.62 

1.66 

2.02 

2.19 

2.14 

2.II 

0.88 

0.74 

I. II 

1.06 

1.82 

1.55 

1.53 

1.63 

I.61 

1.63 

3.09 

3.02 

1.84 

2.06 

2.05 

2.10 

2.43 

2.32 

2.52 

2.65 

2.95 

2.86 

2.00 

2.29 

1-95 

203 

1.92 

2.11 

2.58 

2.74 

2.38 

2.23 

1.92 

2.09 

2.71 

2.64 

1.56 

1.34 

1.98 

1.96 

1.15 

1.28 

2.28 

2.54 

1.29 

1.53 

2.53 

2.29 

1.32 

1.28 

2.26 

2.07 

1.50 

1.49 

1.88 

1.60 

2.94 

3.00 

4.00 

3.57 

0.50 

0.69 

2.15 

2.47 

I.18 

1.20 

1.96 

»-73 

1.78 

1.68 

2.00 

2.07 

2.09 

2.35 

1.52 

1.62 

1.80 

1.78 

2.17 

2.25 

1.62 

1.70 

1.65 

I.7I 
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I4m«. 

Undo-GUddlng. 

Ume,     1, 

indo-Gladdiuf 

r.     I4me.      I 

4Bd(KGI« 

2.58 

2.43 

1.83 

1.64 

2.63 

2.37 

2.88 

2.60 

2.24 

2.21 

2.97 

2.94 

1.43 

X.26 

1.95 

2.04 

1.84 

2.14 

1-93 

2.14 

2.37 

2.56 

1.65 

I.81 

3.70 

3.46 

3.41 

3.52 

1.54 

1.30 

1.35 

1.48 

2.68 

2.80 

•2.85 

3.13 

3.03 

3.02 

These  results  show  an  extreme  variation  of  0.29  per  cent,  in  a 
total  of  sixty-three  determinations.  Forty-six  of  the  sixty-three 
vary  less  than  0.20  per  cent,  while  the  results  average  0.02  lower 
by  the  lime  method. 

In  Table  IV  may  be  found  results  on  fertilizers  containing 
organic  materials.  Solution  for  both  methods  was  obtained  by 
boiling  the  sample  with  water.  The  solutions  for  the  lime  method 
were  considerably  colored  by  dissolved  organic  matter. 


Tai 

JWIV. 

Lime. 

I4mdo-GUdding. 

Umc. 

Undo-GUddlng. 

Ume. 

Undo^^laddiaf. 

1.27 

I.2t 

1.04 

I.15 

2.71 

a.6i 

1.34 

1. 16 

1.74 

2.06 

1.38 

I.3I 

2.37 

2.44 

2.65 

2.35 

2.28 

1.83 

2.50 

2.54 

1.28 

1.25 

2.41 

2.14 

1.48 

1.08 

1.79 

1.71 

5.51 

551 

5.03 

4.61 

2.01 

t.92 

2.40 

2.18 

2.70 

2  20 

2.64 

•     2.40 

3.42 

3.38 

2.53 

2.42 

2.23 

1.80 

2.35 

2.49 

3.50 

305 

2.69 

2.31 

2.15 

2.18 

1.54 

1.27 

1.95 

2.04 

2.57 

2.33 

2.50 

2.24 

2.X9 

2.14 

2.I1 

3.11 

I.16 

1.20 

2.43 

2.45 

1.09 

0.99 

2.17 

2.24 

5.85 

5.56 

2.16 

1.87 

2.30 

1.83 

2.43 

2.09 

2.40 

2.25 

I.OO 

1. 10 

2.41 

1.93 

2.30 

2.10 

Although  little  was  expected  from  the  results  obtained  by  the 
lime  method  under  these  conditions,  still  they  show  an  extreme 
variation  of  only  0.55  per  cent,  in  a  total  of  forty-five  determina- 
tions, while  thirty  of  the  forty-five  differ  less  than  0.30  per  cent, 
and  the  average  difference  is  only  0.15  per  cent.  Nothing  is 
claimed  for  the  method  when  used  under  these  conditions,  but  it  is 
interesting  to  note  that  the  method  gives  good  results  even  when 
precipitation  of  platinum  takes  place  in  a  solution  considerably 
colored  with  organic  matter. 

ALABAMA  POLYTBCHHXC  iNSTITtrTB. 


PRECIPITATION  AND  SEPARATION  BY  WEAK  ORQANIC 

BA5B5. 

By  B.  T.  ALLBlt. 
R«c«STtd  Jannaiy  aS,  1903. 

A  LARGE  number  of  organic  bases  are  known,  which  may  serve 
as  quantitative  precipitants  of  many  metallic  hydroxides,  though 
they  usually  present  no  advantage  over  ammonia  or  the  fixed 
alkalies.  Of  late,  more  especially,^  some  of  them  have  found  use 
for  analytical  separations,  where  the  inorganic  reagents  are  not 
applicable.  We  have,  between  the  organic  and  inorganic  bases,  a 
nearly  complete  analogy.  The  tetrammonium  compounds  are 
well  known  to  be  highly  dissociated  in  aqueous  solution,  giving, 
in  a  marked  degree,  the  characteristic  hydroxyl  reactions,  like  the 
hydroxides  of  the  alkalies  and  thallium.  A  second  weaker  class 
of  bases  comparable,  in  general,  with  ammonia  are  the  paraffin 
amines.  These  also  are  strongly  alkaline  in  reaction  and  capable 
of  precipitating  all  but  the  strongest  metallic  bases,  whose  solu- 
bility products  are  too  high  to  be  reached  by  such  concentrations  of 
hydroxyl  as  these  reagents  afford. 

A  third  class  of  bases  in  which  the  aromatic  amines,  quinoline, 
naphthyl-amine,  phenyl-hydrazine,  etc.,  may  be  named,  have  no 
soluble  analogues  in  the  inorganic  field,  though  they  are  akin  to 
the  bases  formed  by  the  metals  of  the  third  and  fourth  groups  pf 
the  periodic  system. 

With  indicators  they  give  either  a  faint  alkaline  reaction  or  none 
at  all.  W^hen  a  metallic  salt  is  precipitated  by  such  a  base,  say 
aniline,  the  solution  remains  acid  even  when  a  considerable  excess 
of  the  reagent  has  been  added.  It  is  plain,  therefore,  that  only 
those  bases  which  can  be  thrown  down  in  acid  solution,  can  be 
precipitated  here.  All  chemists  are  familiar  with  the  precipita- 
tion of  certain  hydroxides  by  the  action  of  water  alone.  Such  re- 
actions are  always  reversible.  We  may  instance  the  case  of 
titanium  sulphate. 

Ti(SO,),  +  4H2O  =  2H2SO,  +  Ti(OH),.» 

1  This  Joanuil,  94,  540.  <^nd  ai,  776. 

*  The  principle  involved  is  the  Mime  whether  the  precipitate  be  a  hydroxide,  or  a 
huicMlt. 
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The  complete  precipitation  of  the  titanium  evidently  depends 
on  the  reduetion  of  the  concentration  of  free  acid  to  a  point  where 
the  titanium  hydroxide  is  no  longer  appreciably  soluble.  Let  us 
suppose  the  precipitation  to  be  incomplete.  If  now  we  should  add 
to  the  system  a  weak  base  like  aniline,  a  certain  quantity  of  the 
free  acid  would  be  converted  into  neutral  salt,  and  thus  the  con- 
centration of  the  acid  would  be  diminished,  though  an  appreciable 
quantity  would  always  remain  unless  a  very  great  excess  of  re- 
agent were  used,  for,  according  to  the  principles  of  hy- 
drolysis, the  salt  of  a  weak  base  must  be  partially  decomposed  by 
water  into  free  base  and  free  acid.    Thus : 

C.H,NH,C1  =  CeH.NH,  +  HCl. 

The  precipitation  of  titanium  will  therefore  go  further,  in  fact, 
to  completion  when  a  proper  quantity  of  aniline  has  been  added, 
because  in  small  concentrations  of  acid,  titanium  hydroxide  is 
practically  insoluble.  The  degree  of  the  hydrolysis  of  the  aniline 
hydrochloride  is  conditioned  by  temperature,  by  the  d^^  of 
dilution,  and  by  excess  of  free  base.  Speaking  in  general  of  this 
class  of  weak  bases,  it  is,  of  course,  true  that  the  degree  of  hy-  | 
drolysis,  in  other  words  the  concentration  of  free  acid  in  solutions 
of  their  salts,  depends  on  the  strength  of  the  base.  Some  organic 
bases  are  so  weak  that  they  would  doubtless  be  of  no  service  for 
any  quantitative  precipitation,  but  those  whose  hydrochlorides 
are  hydrolyzed  to  an  extent  of  several  per  cent,  in  dilute  solutions 
form  a  group  well  adapted  for  the  separation  of  weak  from  strong 
metallic  bases.  For  the  strong  bases  like  magnesia,  the  alkaline 
earths,  etc.,  are  incapable  of  existence  with  free  acid,  while  the 
weak  ones,  whose  salts  are  more  or  less  hydrolyzed  in  aqueous 
solution,  are  practically  insoluble  in  such  concentrations  of  acid 
as  one  can  readily  obtain  by  the  above  means.  This  is  the  prin- 
ciple of  most  analytical  separations  by  weak  organic  bases,  and  the 
most  important  one  involved  in  the  experimental  part  of  this 
paper.  Of  course  there  are  cases  in  which  the  precipitate  by  an 
organic  base  redissolves  in  excess.  Thus  several  paraffin  amines 
redissolve  the  hydroxides  of  aluminum,  copper,  silver,  zinc,  etc.. 
and  it  is  possible  some  of  the  weaker  bases  may  yield  separations 
on  this  principle,  though  no  cases  of  the  kind  are  known  to  me.^ 

>  In  her  itatement  that  phenylhydraxine  thrown  down,  from  thorium  nitrate,  a  "ct- 
nary-3rellow  precipitate,  easily  soluble  in  excess,**  Miss  Jefferson  appears  to  be  in  error. 
See  this  Journal,  24,  p.  546. 
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In  the  study  of  the  separations  in  the  sequel,  it  seemed  of  inter- 
est, not  merely  to  determine  the  necessary  empirical  conditions,  but 
also  to  inquire  how  much  acid  is  freed  from  the  salts  of  certain 
weak  bases — ^the  precipitants — under  definite  conditions  of  dilu- 
tion, temperature  and  excess  of  the  base.  Thus  the  hydrolytic 
constant, 

_  BOH  X  HCl 
^""  V(BCl)  * 
of  aniline,  and  of  phenylhydrazine  hydrochloride  was  determined 
in  N/io  solutions  at  a  temperature  of  40**  C.  In  this  way  could 
be  made  an  approximation  to  the  concentration  in  free  acid  pos- 
sessed by  the  solutions  in  which  the  separations  were  made — con- 
centrations in  which  certain  weak  metallic  bases  remain  without 
dissolving  appreqiably. 

SEPARATION  OF  ALUMINUM  FROM  IRON. 

Several  years  ago  Campbell  and  Hess*  describea  a  method  for 
precipitating  aluminum  in  the  presence  of  iron  after  the  latter  had 
been  reduced  to  the  ferrous  state  by  sulphurous  acid.  The  reagent 
used  was  phenylhydrazine.  The  results  appeared  satisfactory, 
and,  as  a  good  method  for  the  direct  determination  of  aluminum  in 
the  presence  of  iron  was  needed.  Dr.  W.  F.  Hillebrand  suggested 
that  I  study  this  separation  more  closely,  especially  in  regard  to  its 
application  to  rock  analysis,  where  titanium  is  nearly  always 
present,  and  sometimes  zirconium.  I  desire  in  this  place  to 
express  to  Dr.  Hillebrand  my  best  thanks  for  this  suggestion. 

In  brief,  my  results  indicate  that  it  is  practically  impossible  to 
separate  the  iron  completely  in  one  precipitation.  With  a  double 
precipitation,  the  results  are  good.  When  the  quantity  of  pre- 
cipitated alumina  is  large,  there  is  apt  to  be  a  loss,  which  I  ascribe 
to  the  long  contact  with  the  faintly  acid  wash  solution  which  is 
necessary  to  remove  the  iron.  Thus  I  have  obtained  on  certain 
rocks  results  which  were  considerably  lower  than  those  carefully 
determined  by  difference  in  the  usual  way.  On  the  other  hand 
from  mixtures  of  iron,  aluminum,  titanium,  and  zirconium  salts 
made  up  from  standard  solutions  the  results  have  been  satisfac- 
tory. This  discrepancy  has  not  thus  far  been  explained.  The 
method  is  excellently  adapted  to  the  separation  of  very  small 
quantities  of  aluminum,  such  as  a  milligram  or  even  less,  from  a 

>  This  Jonmat  3i»  776- 


424  B.  T.  ALLBN. 

large  excess  of  iron,  a  point  of  considerable  practical  importance. 

In  the  following  tests,  standard  solutions  of  ferric  and  alu- 
minum chlorides  were  used.  The  former  was  prepared  from 
piano  wire  by  dissolving  in  pure  hydrochloric  acid,  filtering,  oxi- 
dizing with  chlorine,  and  driving  out  the  excess  from  the  hot 
solution  by  a  current  of  air.  No  alumina  or  other  bases  of  similar 
strength  could  be  detected  in  this  solution.  It  was  standardized 
by  precipitation  with  anmionia.  The  aluminum  chloride  was  pre- 
pared by  dissolving  "C.  P."  metal  in  hydrochloric  add,  filtering  off 
the  silicon  and  diluting.  The  exact  strength  was  determined  by 
precipitation  with  ammonia.  The  solution  contained  only  a  trace 
of  iron. 

To  the  conditions  laid  down  by  Campbell  and  Hess  a  few  addi- 
tions might  be  made.  The  volume  of  the  solution  may  vary, 
according  to  the  quantity  of  alumina  to  be  precipitated,  from  lOO 
to  200  cc.  It  should  be  heated  and  reduced  by  adding  saturated 
ammonium  bisulphite.  From  5  to  20  drops,  according  to  the 
quantity  of  iron,  may  be  used.  If  the  solution  turns  deep  red 
(ferric  sulphite)  it  is  not  acid  enough,  and  a  few  drops  of  hydro- 
chloric acid  should  be  added,  for  the  sulphite  itself  does  not  re- 
duce ferric  salts,  at  least  not  with  rapidity.  Now  quickly  brii^ 
to  neutrality  with  ammonia,  and  then  add  several  drops  of  dilute 
hydrochloric  acid.  If  this  last  operation  is  done  too  slowly,  the 
oxygen  of  the  air  helps  to  form  a  little  ferric  hydroxide  which  docs 
not  alwa>  ;  readily  dissolve  in  the  dilute  acid.  Finally  add  from  i  to  3 
cc.  phenylhydrazine,*  according  to  the  weight  of  the  alumina  to  be 
precipitated.  If  too  little  has  been  used,  a  few  drops  added  to  the 
filtrate  will  disclose  the  mistake.  Stir  until  the  precipitate  has 
become  sufficiently  flaky  and  allow  to  settle.  The  supernatant  liquid 
will  now  be  plainly  acid  to  litmus.  One  need  not  be  disturbed  if 
the  precipitate  has  a  brownish  color,  for  it  is  not  due  to  ferric 
hydroxide  but  to  the  coloring-matter  contained  by  all  phenylhy- 
drazine  which  has  not  been  freshly  distilled.  When  the  determi- 
nations are  allowed  to  stand  too  long,  the  air  increases  this  oxida- 
tion product,  and  a  brown  insoluble  scum  forms  on  the  surface  of 
the  liquid  and  on  the  sides  of  the  vessel,  which  is  rather  trouble- 
some to  the  analyst.      Fortunately  equilibrium  appears  to  be 

1  Note.— The  reaicent  should,  of  course,  be  free  from  inorganic  impuriUes  which  oosM 
disturb  the  results.  The  author  found  one  sample,  which,  after  persistently  glviflf  htgk 
results,  was  proved  to  contain  tin,  which  had  probably  been  used  in  its  preparation. 


Pound. 
Gram. 

Gram. 

0.2487 

—0.0013 

0.1236 

•     —0.0014 

0.0254 

+0.0004 
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established  in  a  short  time.    The  vessels  need  not  stand  more  than 
an  hour  at  any  rate.^ 

PRECIPITATION  OF  ALUMINA  ALONE  BY  PHENVLHYDRAZINE. 
I  cc.  A1C1|  =  0.005001  gram  A1,0,. 

Taken. 
I  50  cc.  =  0.2500  gram  Al,Og 

25  cc.  =  o.  1250  gram  Al,Os 
5  cc.  =  0.0250  gram  A1,0, 

The  tendency  toward  low  results  is  here  plainly  visible. 

SEPARATION    OF    SMALL    QUANTITIES    OF    ALUMINA    FROM    EXCESS 

OF  IRON. 

The  first  precipitation  in  the  following  series  was  made  in  a 
nearly  neutral  solution  of  about  150  cc.  volume.  After  washing 
out  most  of  the  iron  by  the  phenylhydrazine  sulphite  solution,  the 
precipitate  was  dissolved  on  the  filter  in  a  few  cubic  centimeters 
of  hot,  dilute  hydrochloric  acid,  washed  through  with  hot  water, 
neutralized  with  ammonia  and  acidulated  with  2  or  3  drops 
1:1  HCl.  The  precipitate  which  is  thrown  down  in  a  small 
volume  of  liquid  by  0.5  cc.  phenylhydrazine,  is  washed  with  the 
sulphite  solution  till  free  from  iron.  After  blasting,  the  precipitate 
is  usually  pure  white. 


AUO,  found. 

Error. 

No. 

PeCItUken. 

AICI,  taken. 

Gram. 

Gram. 

Z 

35  cc. 

=  0.2189  «"*• 

Fe,0, 

0. 1  cc. 

=  0.0005  gr. 

AlA 

0.0005 

0.0000 

2 

35" 

=  0.2189    •* 

0.2  *• 

=  0.0010   ** 

0.0014 

+00004 

3 

35  " 

=  0.2189   •• 

0.6  " 

=  0.0030   •* 

0.0031 

-fo.oooi 

1' 

35  " 

=  0.2189   *• 

0.7  " 

=  0.0007    •* 

ooooS 

H-o.oooi 

2" 

35" 

=  0.2189   •* 

1.2  •* 

=  0.0012    ** 

0.0013 

-ho.oooi 

y 

33  " 

=  0.1867   ** 

2.0  *• 

=  0.0020   *• 

0.0019 

— O.OOOI 

SEPARATION  OP  TITANIUM   FROM   IRON. 

As  solutions  of  titanium  chloride  are  quite  unstable,  a  standard 
solution  of  the  sulphate  was  prepared  as  follows:  Potassium 
titano-fluoride  of  the  market  was  twice  crystallized  from  hot  water 
and  dried  at  105®  C.  A  weighed  quantity  of  this  compound  was 
then  heated  in  a  large  platinum  crucible  with  excess  of  sulphuric 
acid,  until  free  from  fluorine.  A  very  low  flame  should  be  used, 
or  insoluble  basic  sulphate  may  form.    The  cooled  sulphate  was 

1  The  precipiute  is  washed  by  a  solution  of  phenylhydrazine  sulphite,  made  by  add- 
ing cold  saturated  sulphurous  acid  to  a  little  phenylhydrazine  until  the  crysUlline  sul- 
phite first  formed,  dissolves  in  the  excess.  The  solution  has  an  acid  reaction.  Five  to  10 
cc.  of  this  are  used  in  100  cc.  hot  water.    See  Campbell  and  Hess  :  Loc.  eit. 
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then  poured  into  excess  of  cold  water,  precipitated  by  ammonia, 
washed,  and  redissolved  in  a  quantity  of  sulphuric  add  5  or  10  ": 
per  cent,  in  excess  of  that  demanded  by  theory,  to  prevent  hydrol-  ] 
ysis.  \ 

Phenylhydrazine  gives  a  practically  complete  separation  of 
titanium  from  iron,  in  two  precipitations.    I  have  never  found       j 
more  than  traces  of  titanium  remaining  with  the  iron.    It  was       ) 
sought  for  as  follows.    The  iron,  with  any  titanium  it  might  con-        ) 
tain  after  the  precipitation  with  phenylhydrazine,  was  removed        j 
from  the  solution  by  ammonium  sulphide,  washed  a  few  times  and        i 
dissolved  in  nitric  acid,  from  which  solution  it  was  subsequendy        j 
precipitated  by  ammonia  and  weighed.    The  weighed  oxide  was 
now  tested  for  titanium  by  the  method  described  in  Bulletin  176, 
U.  S.  Geol.  Survey,  p.  67. 

TiO,  found  in  Fe,0,. 

I.  II.  III.  IV.  V. 

0.00017  gram  None  0.0002  0.0002  Trace 

The  same  details  apply  to  this  separation  as  were  laid  down  for 
the  separation  of  aluminum  from  iron,  except  that  here  the  solu- 
tion may  be  considerably  more  acid  before  adding  the  jrfienylhy- 
drazine.  If  much  titanium  is  present,  a  considerable  precipitate 
will  form  before  the  solution  is  completely  neutralized  by  ammo- 
nia. When  the  neutral  point  is  reached,  a  half  dozen  drops  of 
I :  I  hydrochloric  acid  may  be  added.  This  quantity  is  frequently 
insufficient  to  redissolve  all  the  titanium  precipitate  but  that  is  a 
matter  of  no  consequence. 

PeCltUken.  PciO.  Ti  (804)1  Ukeo.  TiO| 

/  ^  s  found.  Brror.  »  *  *       foand.        Brror. 

No.  cc.  a-  Gnm  FesOj.      Gram.  Gram.  cc.    ■■   Gram  TlOi.  Grmm.        Gram. 

1  35  0.1748        2  0.0020     0.0022    -Hxoooa 

2  5  0.0250       0.0254     +0.0004     25  0.0246     0.0237    —0.0009 

3  2  0.0100       0.0104      4-0.0004     25  0.0246     0.0254    +0.0008 

4  25  0.1248         I  0.0010     o.ooii    +0.0001 

5  10  0.0499         50  0.0492     0.0501    +0.0009 

6  3  0.0140         50  0.0492     0.0502    +0.0010 

SEPARATION  OP  ZIRCONIUM  PROM  IRON. 

A  Standard  solution  of  zirconium  sulphate  was  used  in  these 
experiments.  The  raw  material  consisted  of  picked  crystals  of 
North  Carolina  zircon,*  which  were  converted  into  potassium 
zircono-fluoride  after  the  excellent  method  of  Marignac* 

1  My  thanlcs  are  due  to  Mr.  Wirt  Tassin.  assistant  curator  of  the  National  MuKoa. 
from  whom  the  siroon,  as  well  as  a  supply  of  beryl,  was  obtained. 
*  Ann,  chim.  phvs.  (3}.  60,  360. 
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After  two  crystallizations  it  was  dried  carefully  at  105**  C,  and 
then  changed  into  sulphate  by  a  method  similar  in  all  details  to 
that  gfiven  for  the  titanium  compound.  1.0470  grams  of  the  above 
preparation,  thus  treated  and  afterwards  precipitated  by  ammonia, 
thoroughly  washed,  dissolved  in  hydrochloric  acid  and  again  pre- 
cipitated and  washed  as  before,  ignited  and  finally  blasted,  gave 
0.4508  gram  ZrO^  instead  of  0.4529  g^am  required  for  KjZrFe. 
The  details  of  the  separation  of  zirconium  from  iron  are  the  same 
as  those  for  the  separation  of  titanium.  The  following  results 
show  that  a  single  precipitation  is  not  always  sufficient  tO|  remove 
all  the  iron. 

SINGLE  PRECIPITATION. 


PcCla  taken. 

Zr(S04)9  taken, 
cc.     «     Gram  TiO*. 

ZrO, 
found. 
Gram. 

Error> 
Gram. 

No. 

cc. 

■■    Gram  Pe«04. 

I 

30 

0.1876 

2 

0.0020 

0.0023 

-ho.0003 

3 

4 

0.0250 

23 

0.0229 

0.0230 

+0.0001 

3 

I 

0.0062 

25 

0.0249 

0.0255 

+0.0006 

4 

35 

0.2189 

I 

O.OOIO 

0.0016 

+0.0006 

5 

10 

0.0625 

50 

0.0498 

0.0520 

+0.0022 

6 

I 

0.0062 

50 

0.0498 

0.0530 

+0.0032 

DOUBLE  PRECIPITATION. 

No. 

FeCIt  taken, 
cc.    —    Gram  FcsOa. 

Zr(S04>8  taken, 
cc.    «■    Gram  TiOs. 

ZrO. 
found. 
Gram. 

Error. 
Gram. 

I 

50 

0.2997 

50 

0.0500 

0.0496 

—0.0004 

a 

50 

0.2997 

I 

O.OOIO 

O.OOII 

+0.0001 

3 

5 

0.0300 

25 

0.0249 

0.0247 

—0.0002 

In  the  following  series  of  determinations,  aluminum,  zirconium, 
and  titanium  in  varying  quantities  were  separated  from  iron  as 
already  described,  and  weighed  together.  The  standard  solutions 
used  have  already  been  described. 

SEPARATION    OP    ALUMINUM,    TITANIUM,    AND    ZIRCONIUM    PROM 

IRON. 


Ko. 

Gram. 

AI.O, 
taken. 
Gram. 

TtO, 
taken. 
Gram. 

ZrOs 
taken. 
Gram. 

ZrOt 
taken. 
Gram. 

found. 
Gram. 

Error. 
Gram. 

i 

0.0999 

O.X500 

0.00985 

0.00492 

0.1648 

0.1654 

+0.0006 

2 

0.1249 

0.1650 

0.01477 

0.00196 

0.1817 

0.1816 

—0.0001 

4 

0.1748 

0.0500 

0.0197 

0.00287 

0.0726 

0.0717 

4 

0.0749 

0.1000 

0.0049 

0.00098 

0.1059 

0.1063 

+0.0004 

.5 

0.1748 

0.0250 

0.0197 

0.0148 

0.0595 

0.0603 

+0.0008 

Average,     +0.00016 


428  B.  T.  ALLBN. 

In  a  recent  paper  by  Miss  A.  M.  Jefferson^  it  is  stated  that 
zirconium  is  not  precipitated  by  phenylhydrazine.  Now  zirconia 
is  certainly  a  weaker  base  than  alumina,  and,  according  to  the 
principles  stated  in  the  beginning  of  this  paper,  ought  to  be  pre- 
cipitated by  phenylhydrazine,  the  more  so  since,  according  to  Miss 
Jefferson,  it  is  precipitated  by  aniline,  a  base  which  my  experi- 
ments indicate  to  be  somewhat  weaker  than  phenylhydrazine.  It 
should  be  noted,  however,  that  Miss  Jefferson  employed  a  cold 
solution  of  zirconium  nitrate,  while  the  experiments  I  have  de- 
scribed were  performed  with  solutions  containing  sulphates  and 
chlorides  or  chlorides  alone.  As  theory  indicates  the  possibility 
of  a  difference,  the  following  tests  were  undertaken :  Zirconium 
hydroxide  was  prepared  from  the  sulphate  and  then  dissolved  in 
dilute  nitric  acid.  The  solution  was  freed  from  most  of  the  arid 
by  evaporating  to  a  volume  of  a  few  cubic  centimeters,  and  diluted 
with  cold  water  so  that  i  cc.  contained  about  i  mg.  ZrO,.  The 
solution  contained  no  sulphate.  In  the  first  test,  a  portion  of  it 
was  precipitated  by  a  large  excess  of  phenylhydrazine,  5  cc.  to  25 
cc.  of  the  solution.  After  standing  more  than  twenty-four  hours, 
the  precipitate  was  filtered,  washed,  ignited  and  blasted. 

Pound.  By  ammonia. 

ZrO,  =    0.0251  0.0245 

Twenty-five  cc.  of  the  solution  with  i  cc.  of  the  reagent  gave 
ZrOg  =  0.0241  gram.  Ammonia  gave  no  precipitate  with  the  fil- 
trate. I  could  not  discover  that  the  zirconium  hydroxide  had  any 
tendency  to  dissolve  in  excess  of  phenylhydrazine.  The  same  state- 
ment may  be  made  of  aniline,  which  also  precipitates  zirconium 
completely. 

It  was  thought  to  be  of  some  interest  to  determine  the  behavior 
of  phenylhydrazine  with  the  remaining  elements  of  this  natural 
family,  thorium  and  cerium. 

PHENYLHYDRAZINE  AND  THORIUM. 

A  solution  of  thorium  nitrate  was  prepared  from  the  pure  di- 
oxide. The  latter  was  brought  into  solution  by  fusion  with 
potassium  acid  sulphate  from  which  it  was  precipitated  by  ammo- 
nia in  a  form  soluble  in  dilute  nitric  acid.  A  double  precipitation 
was  necessary  to  remove  sulphate  entirely.  The  nitrate  was 
evaporated  to  crystallization  and  dissolved  in  cold  water. 

1  Tbia  Journal,  94,  543* 
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Three  portions  of  25  cc.  each  were  then  precipitated  as  follows : 
No.  I  was  precipitated  by  ammonia,  washed,  ignited  and  weighed 
as  in  an  ordinary  determination.  No.  2  was  nearly  neutralized 
with  ammonia,  precipitated  hot  and  washed  with  hot  water.  No. 
3  was  treated  as  No.  2,  except  that  a  smaller  amount  of  reagent 
was  added  to  the  cold  solution  and  the  precipitate  was  washed 
with  cold  water.  In  all  cases  the  precipitate  was  blasted  before 
weighing. 

ThO|  found. 
I    25  CC.  contained  0.0477  gram  average  of  three  determinations  by  NHf. 
3    25  *'    hot  by  phenylhydrazine  0.0477  gram. 
3    25  cc.  cold  by  phenylhydrazine  0.0475  gram. 

The  precipitated  thoria  was  white  or  nearly  so. 

Regarding  Miss  Jefferson's  statement*  that  phenylhydrazine 
throws  down,  from  a  solution  of  thorium  nitrate,  "a  canary- 
yellow  precipitate,  easily  soluble  in  excess,"  I  can  say  that  if  the 
solution  contains  much  free  nitric  acid,  the  precipitate  is  colored 
yellow,  evidently  by  an  oxidation  product  of  the  phenylhydrazine. 
The  precipitate  may  be  obscured  by  an  excess  of  reagent,  but  there 
is  no  tendency  to  redissolve.  Thus,  in  one  test  I  employed  5  cc.  of 
the  reagent  to  a  small  volume  of  the  thorium  solution.  I  was  at 
first  in  doubt  about  the  result,  but  a  careful  examination  showed 
that  no  thorium  passed  through  an  ordinary  filter. 

PHENYLHYDRAZINE  AND  CERIUM. 

'iTie  remaining  element  in  the  family  under  consideration  is 
cerium.  It  differs  from  the  other  three  members,  in  that  it  is 
easily  reducible  from  the  quadrivalent  to  the  trivalent  state. 
Phenylhydrazine  fails  to  precipitate  it  except  in  a  partial  way 
from  its  eerie  salts,  not  because  it  is  a  more  basic  element  than  the 
rest  but  because  it  is  an  oxidizing  agent  which  phenylhydrazine 
easily  reduces  to  the  cerous  condition,  and  cerous  oxide  is  a  much 
stronger  base.  These  statements  were  proved  by  the  following 
experiments : 

Ceric  ammonium  nitrate,  (NH4)2Ce(N08)e.i>4H20,  was 
made  from  a  preparation  of  cerous  nitrate  furnished  by  Merck. 
To  separate  it  from  any  neodymium  and  praseodymium, 
it  was  twice  precipitated  by  caustic  potash  and  oxidized 
by    a    stream    of    chlorine,    the    ceric    hydroxide    being    thor- 

^  This  Journal,  94, 546. 
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oughly  washed  after  each  treatment.  The  eerie  hydrox- 
ide was  now  changed  to  eerie  ammonium  nitrate  by  the 
addition  of  dilute-  nitric  acid  and  a  little  ammonium  nitrate.  A 
comparatively  concentrated  solution  of  this  salt,  containing  con- 
siderable free  acid,  at  once  oxidized  both  phenylhydrazine  and 
aniline  with  marked  color  changes,  and  no  excess  of  either  pro- 
duced, thereafter,  any  precipitate.^  With  a  dilute  and  nearly 
neutral  solution,  the  results  were  different.  Such  a  solution  was 
obtained  by  evaporating  one  like  the  above  to  dryness  in  a  vacuum 
desiccator  with  lime  and  sulphuric  acid. 

The  beautiful  orange  crystals,  with  the  small  excess  of  ammo- 
nium nitrate  they  contained,  were  then  put  into  solution  by  cold 
water,  and  after  standing  a  day  or  two,  filtered  frcmi  a  slight  pre- 
cipitate which  had  formed.  The  concentration  of  this  solution 
was  not  far  from  i  mg.  CeO,  per  cubic  centimeter  (20  cc.  gave 
0.0161  gram).  15  cc.  of  the  solution  were  treated  with  a  little 
phenylhydrazine  and  set  away  for  twenty-four  hours.  Some  little 
precipitate,  composed  partly  of  organic  matter,  apparently  an 
oxidation  product  of  the  reagent,  had  formed,  but  the  filtrate 
yielded  with  ammonia  0.0078  gram  CeOo  out  of  a  total  quantity 
of  0.0121  gram  originally  contained  in  the  solution.  Aniline 
being  a  weaker  reducing  agent  gave  a  practically  complete  precipi- 
tation with  this  solution.  Only  two  or  three  very  small  flakes 
were  obtained  from  the  filtrate  by  ammonia. 

PHENYLHYDRAZINE  AND  FERRIC  SALTS. 

Ferric  salts  follow  eerie  salts  in  their  behavior,  except  that 
phenylhydrazine  gives  with  the  former  almost  no  precipitate. 
This  is  true,  at  least,  with  both  strong  and  weak  solutions  of  ferric 
chloride.  With  one  containing  about  i  mg.  per  cubic  centimeter, 
phenylhydrazine  at  first  brings  down  some  brown  hydroxide 
which  dissolves  when  the  liquid  is  shaken,  leaving  only  a  little 
insoluble  tarry  matter.  Aniline,  however,  gives  a  complete  pre- 
cipitation ;  at  least  the  filtrate  is  colorless  and  gives  no  precipitate 
with  ammonia. 

SEPARATION  OF  TITANIUM   FROM   BERYLLIUM. 

It  has  been  shown  that  the  elements  of  the  quadrivalent  family, 
Ti-Th,  are,  with  the  exception  of  Ce,  separable  from  iron  by 

>  See  alio  Graelin-Kniut,  Vol.  II,  part  i,  p.  508. 
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phenylhydrazine.  Beryllium  fonns  a  much  weaker  base  than  fer- 
rous iron,  but  it  may  be  separated  from  titanium  and  zirconium  in 
a  fairly  satisfactory  manner  by  similar  means.  The  tendency  is 
for  the  beryllium  also  to  be  partly  precipitated,  and  with  sulphate 
sdutions,  especially  where  the  quantities  of  the  elements  to  be 
separated  are  considerable,  satisfactory  results  are  not  obtained 
by  two  precipitations.  The  standard  solution  of  beryllium  em- 
ployed in  the  work  was  the  chloride.  The  source  of  it  was  beryl 
from  Chester  County,  Pennsylvania.  I  transformed  this  into  the 
double  fluoride  by  the  method  which  Marignac  used  in  extracting 
zirconia  from  zircon,  viz.,  by  fusing  the  powdered  mineral  with 
two  to  three  times  its  weight  of  potassium  fluoride.  '  For  con- 
venience in  handling,  the  fused  mass  may  be  poured  out  in  a  thin 
sheet  into  a  platinum  basin  and  subsequently  powdered.  It  is 
then  boiled  several  times  with  successive  portions  of  water,  to 
which  should  be  added  at  first  some  hydrofluoric  acid.  The 
double  fluorides  which  silicon  and  aluminum  form  with  potassiunx 
are  nearly  insoluble  in  water  containing  potassium  fluoride,  and 
are  thus  for  the  most  part  left  behind.  The  solution  is  now 
evaporated  to  a  small  volume  and  allowed  to  crystallize.  The 
salt  is  then  recrystallized  several  times.  It  dissolves  rather 
slowly  in  boiling  water.  Each  time  the  last  portion  should  be 
rejected.  The  compound  still  retains  iron,  which  may  be  entirely 
removed  by  passing  hydrogen  sulphide  through  the  aqueous  solu- 
tion, which  is,  of  course,  alkaline.  The  crystals  may  finally  be 
dried  at  105**  C.  It  js  a  difficult  matter  to  be  sure  of  the  complete 
absence  of  alumina,  but  the  following  determination  indicates 
that  the  compound  thus  prepared  is  essentially  pure.  A  weighed 
portion  was  changed  into  sulphate  by  heating  with  sulphuric  acid, 
thence  through  the  hydroxide  to  chloride,  and  finally  to  hydroxide 
again,  which  was  ignited  and  weighed.  To  be  sure  that  the 
beryllium  oxide  was  free  from  sulphate,  the  precipitation  with 
ammonia  was,  in  fact,  made  three  times.  All  the  filtrates  were 
evaporated  to  a  small  volume  and  treated  with  a  little  ammonia, 
which  brought  down  a  little  beryllia,  which  was  filtered  and 
washed  separately  and  added  to  the  main  portion.  1.2996  grams 
gave  0.206B  gram  BeO ;  calculated  for  KjBeF^,  0.1993.  I  am  not 
aware  that  this  method  has  been  used  previously  to  extract 
beryllium  from  beryl.  For  the  determinations  which  follow,  a 
solution  of  beryllium  chloride  was  prepared  as  above  indicated. 
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To  separate  titanium  and  zirconium  from  beryllium,  it  is  not,  of 
course,  necessary  to  add  any  soluble  sulphite.  The  add  solutions 
are  merely  brought  nearly  to  neutrality  with  ammonia  and  then 
acidified  with  several  drops  of  dilute  hydrochloric  acid.  A  double 
precipitation  was  made,  and  water  only  was  used  for  washing. 
The  solutions  were  heated  but  not  boiled.  As  previously  stated, 
the  results  were  not  so  exact  as  in  the  separation  of  titanium  and 
zirconium  from  ferrous  iron. 

SEPARATION    OF    TITANIUM    FROM    BERYLLIUM — ^DOUBLE    PRECIPI- 
TATION. 

BcClflUken.  BeO  Ti(S04)t  Uken.  TiOi 

/■         ^ .        foand.  Error.  *  ^  >  foana.  Bnor. 

No.     cc.  a  Gram  BeO.    Gram.  Gram.         cc.  *  Gram  TiOt.     Gram.  Gran. 

X      lo       o.oioi       lo       0.0096      0.0096         aoooo 

2  10       0.0101        10       0.0096       0.0096         0.0000 

3  5       0.0050       25       0.0239       0.0247      —0.0008 

4  30    0.0302    5    0.0048    0.0069   -H>^O0i2I 

5  100       0.1006     0.0960     —0.0046    zoo       0.0958      0.0996      +0.0038 

6  95       0.0956     0.0951      —0.0005       5       0.0048       0.0054      +0.0006 

7  5  0.0050       0.0049        —0.0001        95  0.0910         0.091 1        +OXKX>I 

The  beryllium  was  determined  in  the  filtrate  from  titanium  by 
ammonia  as  in  an  ordinary  determination  of  aluminum.  Subse- 
quent experiments  showed  that  phenylhydrazine  precipitates  a 
large  fraction  of  the  beryllium  from  a  solution  of  the  sulphate, 
but  none  from  the  chloride.  It  follows  that  a  double  predpitation 
by  phenylhydrazine  from  a  chloride  solution  would  give  a  more 
exact  separation  from  titanium,  than  those  recorded  above. 

SEPARATION  OP  TITANIUM  FROM  BERYLLIUM  BY  ANIUNE. 

BcO  taken.  TiOt  taken.  TiO*  found.  Bnor. 

No.    ^  Gram.  Gram.  Gram.  Gram. 

1  "  0.050  O.1416  0.1422  —0.0006 

2  0.075  0.0944  0.0950  —0.0006 

The  solutions  used  were  beryllium  chloride  and  titanium  sul- 
phate. The  mixtures  were  first  changed  to  chlorides  by  precipita- 
tion with  ammonia  and  subsequent  solution  in  hydrochloric  add. 
From  the  chloride  solution,  a  double  precipitation  was  made  by 

aniline. 

SEPARATION  OF  ZIRCONIUM  PROM  BERYLUUM. 

£ver3rthing  that  has  been  said  as  regards  the  separation  of 
titanium  from  beryllium  applies  equally  well  here. 
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BcClt  taken. 
cc.  »  Gram  BcO. 

BeO 

found. 
Gram. 

Brror. 
Gram. 

ZrCSOOfl  taken. 

fouaa. 
Gram. 

Error. 
Gram. 

No. 

cc.  — 

GramZrOf. 

5 

0.0050 

95 

0.0925 

0.0961 

-fO.0036 

95 

0.0956 

5 

0.0049 

0.0061 

+O.OOI2 

5 

0.0066 

0.0040 

—0.0026 

45 

0.0438 

0.0458 

-fo.002O 

45 

0.0591 

0.0590 

— O.OOOI 

5 

0.0049 

0.0052 

-fO.0003 

15 

0.0196 

0.0187 

—0.0009 

45 

0.0438 

0.0443 

-fO.0005 

35 

0.0458 

0.0445 

—0.0013 

35 

0.0341 

0.0359 

-fO.0018 

7 

100 

0.1305 

0.1290 

—0.0015 

50 

0.0506 

0.0520 

-fo.0014 

TbO|  found. 
Gram. 

Error. 
Gram. 

0.2847 

—0.0016 

0.1895 

—0.0014 

An  inspection  of  these  tables  makes  it  plain  that  a  little  beryl- 
lium is  sure  to  be  carried  down  with  the  quadrivalent  metal, 
where  sulphate  solutions  are  used,  but  here  too,  as  in  the 
case  of  beryllium  and  titanium,  we  may  confidently  predict  more 
accurate  results,  if  chloride  solutions  are  taken. 

SEPARATION  OF  THORIUM  FROM  BERYLLIUM. 

BeO  taken.  ThO*  taken. 

Gram.  Gram. 

1  0.025        0.2863 

2  0.025        0. 1909 

The  solutions  used  were  beryllium  chloride  and  thorium  nitrate. 
Separation  i  was  made  with  phenylhydrazine,  separation  2  with 
aniline.  Double  precipitations  were  made  in  both  cases.  Thoria 
is,  of  course,  a  stronger  base  than  titania  or  zirconia.  From  the 
above  solutions  it  did  not  precipitate  until  a  boiling  temperature 
was  reached  and  the  precipitate  was  very  slimy,  like  alumina  when 
precipitated  under  the  same  circumstances.  This  may  account 
for  the  fact  that  the  results  are  a  little  low. 

Attempts  to  separate  aluminum  from  beryllium,  and  chromium 
from  beryllium,  and  from  ferrous  iron,  all  failed.  Usually  the 
bivalent  metal  was  carried  down  in  considerable  quantities  with 
the  trivalent  one.  Chromium  chloride  does  not  easily  precipitate 
with  phenylhydrazine.  Many  experiments  tried  along  the  above 
lines  show  that  two  elements  when  too  near  the  same  basicity  can 
not  be  separated  by  this  method,  though  just  why  the  bivalent 
element  should  be  partly  precipitated  in  the  presence  of  the 
trivalent  is  not  perfectly  clear. 

THE    HYDROLYSIS    OF    ANILINE    AND    PHENYLHYDRAZINE    HYDRO- 
CHLORIDES. 

The  degree  of  hydrolysis  which  a  salt  suffers  in  aqueous  solu- 
tion, may  be  estimated  from  its  conductivity,  the  values  observed 
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being  compared  with  those  shown  by  salts  of  the  same  type  in 
which  hydrolysis  is  negligible;  or  it  may  be  calculated  from  the 
velocity  of  certain  chemical  actions  which  are  caused  by  the  free 
acid  present  in  the  salt  solution.    The  best  examples  of  the  latter 
are  the  inversion  of  cane-sugar,  and  the  saponification  of  methyl 
acetate.    The  last-named  method^  was  selected  in  this  work.   A 
medium  temperature  of  40**  C.  was  chosen.    It  was  maintained  by 
a  thermostat  of  the  Ostwald  t3rpey  of  100  liters'  capacity,  whidi 
could  be  held  within  limits  of  about  0.2°  C.  for  long  periods.    All 
the  experiments  were  made  with  N/io  solutions  of  the  hydro- 
chlorides of  the  two  bases,  phenylhydrazine  and  aniline.    Several 
preparations  were  used  that  there  might  be  reasonable  certainty 
that  the  saponification  constants  were  not  affected  in  any  consider- 
able degree  by  impurities.    Two  different  samples  of  "C.  P." 
phenylhydrazine  hydrochloride  were  purified  by  dissolving  in  alco- 
hol and  precipitating  by  ether.    One  specimen  of  aniline  hydro- 
chloride was  prepared  in  a  similar  way,  and  another  was  made 
from  pure  aniline  by  evaporating  with  pure  hydrochloric  acid  on 
the  water-bath.    All  the  preparations  stood  a  long  time  in  desic- 
cator^ with  lime  and  sulphuric  acid,  before  use.    The  reaction 
vessels  consisted  of  8-inch  test-tubes  which  were  first  treated  for 
some  time  with  steam,  then  boiled  with  concentrated  hydrochloric 
acid  and  finally  very  thoroughly  washed  and  dried.*     N/io  solu- 
tions of  the  hydrochlorides  were  employed  in  the  saponification 
as  representing  on  the  average  about  the  concentration  of  these 
salts  in  those  solutions  in  which  the  separations  were  made.    In 
detail,   the   proper   quantities   of   the   salts,   vis.,   0.324   gram 
QHg.NHjCl,  and  0.361  gram  CeH5.N2H4Cl,  were  first  weighed 
out  and  transferred  to  the  reaction  tubes.    The  latter  were  then 
constricted  in  the  flame  at  a  distance  of  2  or  3  inches  from  the 
open  end,  after  which  i  cc.  methyl  acetate  was  introduced  by  a 
pipette  about  2  mm.  in  diameter,  followed  by  250  cc,  water  free 
from  carbonic  acid.    The  tubes  were  then  sealed,  cooled,  shaken 
to  mix  the  contents,  and  placed  in  the  bath.     After  a  sufiicient 
interval,  a  tube  was  withdrawn,  chilled  and  opened.     Its  contents 
were  then  tested  as  follows :  i  cc.  was  removed  by  a  pipette,  added 
to  a  small  volume  of  water  free  from  carbonic  acid  and  titrated 
with  N/20  soda,  phenolphthalein  serving  as  an  indicator.    The 

1  Walker  :  Ztschr,  pkys,  Cfum.,  4,  319. 

*  X<cy :  Ibid.^  30,  aa9 ;  Walker  :  J,  Chem.  Soc.^  65,  577. 
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errors  in  measurement  were  reduced  to  a  minimum  by  using 
narrow  instruments.  The  pipette  was  about  2  mm.  in  diameter 
and  the  10  cc.  burette,  about  8  mm.  During  the  titration,  the 
contents  of  the  burette  were  protected  from  the  outer  air  by  a 
soda-lime  tube.  The  sodium  hydroxide  was  prepared  according  to 
Ley,*  and  was  proved  free  from  carbon  dioxide  by  titrating  against 
N/io  hydrochloric  acid,  first  with  the  aid  of  phenolphthalein, 
then  with  methyl  orange. 

1.  Phenolphthalein  used  as  indicator :  5  cc.  HCl  =  9.58,  9.59, 
9.58,  9.60  cc.  NaOH ;  mean,  9.59  cc. 

2.  Methyl  orange  used  as  an  indicator :  5  cc.  HCl  =  9.59,  9.52, 
958,  9.59  cc.  NaOH ;  mean,  9.57  cc. 

SAPONIFICATION  OF  METHYL  ACETATE  BY  n/iO  HYDROCHLORIC  ACID 

AT  40"*  C. 

25  CC.  acid  and  i  cc.  methyl  acetate  were  used  in  each  test,  i  cc. 
acid  =  0.00374  gram  hydrochloric  acid,  as  determined  by  sodium 
carbonate.  The  process  was  carried  out  in  sealed  tubes  as  de- 
scribed above : 

ao  =1  cc.  of  the  original  mixture  in  terms  of  N/20  soda  = 

2.10. 
a^=  I  cc.  of  the  mixture  when  saponification  was  com- 
plete =  9.50. 
a  =  tf.  —  tfo  =  7.4=  the  original  mass  of  methyl  acetate 
in  terms  of  N/30  soda. 
Then  the  saponification  constant  for  a  reaction  of  the  first 

order  =  K  =  -7  log^ . 

Here,  of  course,  t  =  the  time,  in  this  case  measured  in  minutes, 
and  X  =  quantity  of  methyl  acetate  changed,  or  acid  liberated  in 
the  time  t,  again  in  terms  of  the  soda  solution.  The  Briggs 
logarithms  were  used  in  the  calculation. 

t^  =  131  fH  Xi  =  2.25  Kj  =  0.001204 

/,  =  235  m  Xt  =  3.55  K,  =  0.001207 

^  =  324«»  .r,  =  4.33  K,  =  0.001180 

t^=z2l^^m  ;r4=4.7o  K4  =  0.001206 

Average  =  0.00120 
1  Zisekr.  phys.  Chem.,  30,  905. 


436  E.  T.  ALLBN. 

Corrected  for  volume,  since  i  cc.  methyl  acetate  was  added  to 

26 
the  25  cc.  acid,  K  =0.00120  X  — . 

Corrected  for  concentration,  since  the  acid  was  not  exactly 

N/io,  K  =0.00120  X  —  X  ^-^  =0.001216=  1.22  X  10-'. 
25       3740 

Walker^  found  for  the  velocity  constant  of  the  same  reaction  at 
25*"  C,  K  =  0.00315,  using  normal  hydrochloric  acid.  Ley'  found 
at  99.7''  C,  K  =  0.00158  as  the  average  for  N/500  hydrochloric 
acid,  and  0.00307,  average  for  N/250  hydrochloric  add. 

If  these  constants  are  made  comparable  by  multiplying  them  by 
their  corresponding  concentrations,  we  have : 

kv  =  o.cx>3i5  at  25°  C— Walker, 
••  =  0.01 216  at  40®  C^AlUn, 
"  =  0.782  (average)  at  99.7®  Q,—Ley. 

Strictly  these  quantities  should,  of  course,  be  multiplied  by  2.3, 
because  the  natural  logarithms  were  not  used  in  the  calculations. 

Van't  Hoff  has  shown  that  we  may  get  some  light  on  the 
change  of  reaction  velocity  with  temperature  if  we  resolve  the 

equation  — ^~ —  =    p^,  (where  K  =  the  equilibrium  constant, 

k 

•TT,  of  any  reaction,  T  =:  the  absolute  temperature,  and  q  =  the 

heat  of  reaction)  into  two  others,  viz.,       ,^     =  =5  -f  B,  and 

—^k —  =  =^  +  B.  B  is  unknown,  but  often  seems  to  be  negli- 
gible, in  which  case,  assuming  also  that  q  is  constant,  we  have 
log,>fe  =  -^  +  C  or  log,  I?  =  A  (%=^).     By  the  aid  of  this 

equation,  we  may  correlate  the  various  values  of  k  found  at  dif- 
ferent temperatures. 

Substituting  for  *„  k^y  t^  and  /j,  0.01216,  0.00315,  298  and  313 
respectively,  A  =  8397. 

Substituting  0.782,  0.01216,  372.7  and  313,  A  ==  8132. 

Considering  the  difference  in  dissociation  of  the  different  con- 
centrations of  acid,  the  slight  variation  of  q,  etc.,  the  agreement 
seems  satisfactory.     Kt  (the  saponification  constant  of  methyl 

>  ZUehr.  phys,  Chem.^  4,  334. 
*  /Mtf.,  JO,  230. 
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acetate  by  hydrochloric  acid)  may  thus  be  approximately  reckoned 
from  the  equati<xi 


pT  — 2981 


8264    [- 


SAPONIFICATION  OP  METHYL  ACETATE  BY  ANILINE  HYDROCHLORIDE 

AT  40**  C 

tfo  =  1.81  ss  add  in  i  cc.  mixture,  at  the  beginning,  in  terms 
of  N/20  soda. 

a.  =  9.30  =  free  add  in  i  cc.  mixture  after  one  month  in  the 
thermostat  at  40^  C. 

a=^a^  —  Ao  =  7.49  total  add  freed  by  saponification  in  i  cc. 
mixture,  equivalent  to  the  original  mass  of  the  methyl  acetate  in 
terms  of  soda. 


/j  =  1330  fH 


/|  =  2450  HI 


(2.35 

I  2.32 

2.33 

{2.80 
a.85 
2.81 


2.33    —    1,81-0.52 
2.80 


/;=:4290»»        ;r,=||;^' 


a.83    —    1.81  =  1.02 
i.6i 

3.61    —    1.81  =  X.80 

4.22    —    1.81  =  2.41 

1  K  =  2.35  X  io-sxff  =  2.45  X  io-«. 

2  K=  2.60  X  IO-*  X  ~  =  2.70  X  io-«. 

3  K  5=2.78  X  lo-s  X  ^  =  2.89  X  lo-s. 

4  K  =  2.97  X  io-«  X  ^  =  3.09  X  lo-s. 

Now  if  it  be  remembered  that  the  rate  of  reaction  depends  on 
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the  concentration  of  free  hydrochloric  acid,  it  will  be  seen  that  the 
percentage  of  aniline  salt  which  is  hydrolyzed  may  be  obtained  by 
dividing  these  results  by  the  constant  for  hydrochloric  acid  at  the 
same  dilution. 

2.45  X  io~5  H-  1.22  X  io"J  =  2.0  per  cent. 

2.70  X  lo-s  -I-  1.22  X  «o~3  =  2.2  per  cent. 

2.89  X  lO"*  -♦"  1.22  X  'o-s  =  2.4  per  cent. 

3.09  X  io-^  "+"  1.22  X  10-3  =•  2.5  per  cent. 
As  there  is  always  a  constant  ratio  between  the  undecomposed 
part  of  the  salt,  multiplied  by  the  volume  in  which  it  is  contained, 
and  the  product  of  the  decomposed  parts,  we  have  the  well-known 

X* 

equation  rr- — _^    .  =  C,  where  x  is  the  percentage  hj-drolyzcd, 

V  ( I       X  ) 

V  is  the  volume  in  which  i  gram-molecule  is  dissolved,  and  C  is 
the  hydrolytic  constant.  If  we  take  the  average  of  r  as  2.3, 
C  =  5.4  X  lo"^,  or  if  2  is  more  nearly  correct,  C  =  4.  i  X  lo"*. 

The  strength  of  aniline  has  previously  been  determined  by  two 
different  observers.  Bredig,^  using  the  conductivity  method,  con- 
cluded that  2.63  per  cent,  of  aniline  hydrochloride  was  decomposed 
in  N/32  solution  at  25°  C,  while  Walker,*  by  the  use  of  the  sugar 
inversion  method,  obtained  the  value  4.5  per  cent,  at  60**  C.  in  N/30 
solution. 

If  we  calculate  these  results  to  N/io  dilution  by  the  use  of  the 

equation  C  =  — ; : ,  we  have  : 

^  v(i — x) 

1.48  per  cent,  hydrolyzed  at  25®  C.—Bredig, 

2.00   •*      '•  ••  "40**  C.— Alien, 

2.63  ••      "  '•  *'  60°  C.—  IValJter. 

These  results  indicate  a  nearly  regular  increase  in  hydrcJysis 

with  increasing  temperature.     Regarding  this  point  not  much  is 

known,  '  ut  Madsen*s'  results  indicate  that  the  increase  may  be 

very  considerable. 

SAPONIFICATION     OF     METHYL     ACETATE     BY     PHENYLHYDRAZINE 
HYDROCHLORIDE  AT  4O**  C. 

ao=       1.7S  a^=  10.90  fl=9.r2 

/)   =  1330  1  =    0-37 

/,   =  2419  ^2  ^   0-57 

/,  =4290  ^s=    1.55 

^4   -=  S683  x^  =    2.33 

/j  =  6960  Xi  =    3.02 

»  Ztschr.  pkys.  Chem.^  13,  32^. 
»  J.  Chem.  Soc.,  67.  582. 
*  ZUchr.phys,  Chem.,  36,  294. 
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K  -=  1.67  X  10-5  X  r-  =  1.73  X  10-5  -f-  1.22  X  10-3  =  1.4  per  cent. 
K  =  1.44  X  10-5  X  —  =  1.50  X  io~'  -«-  1.22  X  lo-s  =  1.2  per  cent. 
K  =  2.38  X  lo""'  X  —  =  2.47  X  10-*  -+-  1.22  X  >o~'  =  2.0  per  cent. 
K  =  2.89  X  10-3  X  —  =  3.00  X  10-5  -H  1.22  X  10-3  =  2.5  per  cent. 

K  =3.27  X  io"S  X  —  =  3-40  X  10-5  -+-  1.22  X  10-3  =  2.8  per  cent. 

Comparing  these  results  with  those  for  aniline  hydrochloride, 
we  note  that  there  is  an  acceleration  in  the  rate  of  saponification  in 
both  cases.  With  aniline  hydrochloride,  this  is  comparatively 
small;  with  the  phenylhydrazine  compound,  considerable.  If 
the  periods  of  time  had  been  successive  instead  of  overlapping, 
the  acceleration  would  be  seen  to  be  actually  greater  than  the 
above  figures  indicate.  If  we  compare  the  values  for  a,  we  have 
a=  N/io  hydrochloric  acid,  7.4;  N/io  aniline  salt,  7.49;  N/io 
phenylhydrazine  salt,  9.12. 

This  means  that  by  some  secondary  reaction  more  acid  has  been 
formed  than  the  methyl  acetate  could  furnish.  On  this  account 
it  seems  more  rational  to  calculate  the  percentages  hydrolyzed, 
from  the  earlier  periods  of  the  process.  This  leads  us  to  the 
approximate  values  1.5  per  cent,  for  the  phenylhydrazine  salt  and 
2.0  per  cent,  for  the  aniline  compound.  Many  other  experiments 
on  the  sap(Hiification  of  methyl  acetate  were  made  with  other 
preparations  of  the  salts,  but  since  all  led  to  the  same  conclusions 
and  the  table  given  above  contains  the  results  obtained  under  the 
most  carefully  regulated  conditions,  no  others  have  been  quoted. 

I  a 

In  calculating  the  values  of  K  =  y  log^  for  the  phenyl- 
hydrazine  salt,  «  was  taken  equal  to  7.4. 

A  similar  case  of  acceleration  in  the  saponification  of  methyl 
acetate  was  noticed  by  Ley,^  when  he  employed  solutions  of 
aluminum  and  lanthanum  chlorides. 

He  attributed  the  acceleration  to  a  secondary  action  between  the 
chloride  and  acetic  acid,  setting  free  the  more  highly  dissociated 
hydrochloric  acid. 

If  we  compare  aniline  and  phenylhydrazine  in  regard  to  their 
power  to  precipitate  the  weak  inorganic  bases,  it  appears  that  their 
strength  is  nearly  the  same,  but  that  of  aniline  is  slightly  less. 

'  Zisckr.  phys.  Ckem.,  30,  231. 
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Salt. 

Action  of  aniline. 

Salt. 

Be(NO,), 

Trace  of  precipitate. 

Be(NO,), 

BeSO« 

No  precipitate. 

BeSO* 

Al(NO,), 

Precipitation  slow,  but 
complete. 

A1(N0,), 

Al,(SO,), 

Complete  precipitation. 

Al,(SO,), 

Cr(NO,), 

Complete,  but  slow 
precipitation. 

Cr(NO,), 

Cr,(SOJ, 

Complete  precipitation. 

Cr,(SO,), 

Ti(NO,)4 

Complete  precipitation. 

Ti(NO,), 

Ti(SO,), 

Complete  precipitation . 

Ti(SO,), 

Zr(NO,)4 

Precipitation  complete, 
but  slow. 

Zr(NO,)4 

Action  of  pbenylhydrasifle. 
Same  as  with  aniline. 
Heavy  precipitate,   thoogh 
not  complete. 

Complete   and  much  moR 
rapid  precipitation. 

Complete  precipitation. 

Complete  and  rapid  precipi- 
tation. 

Complete  precipitation. 

Complete  precipitation. 

Complete  precipitation. 

Precipitation  complete  tod 
considerably  more  rapid 
than  with  aniline. 
Zr(SO|),    Complete  precipitation.    Zr(S04),    Complete  precipitation. 

These  precipitations  were  all  made  in  the  cold,  with  solutions 
containing  about  i  mg.  of  metallic  oxide  per  cubic  centimeter,  and 
all  were  slightly  acid.  15  cc.  of  each  solution  and  about  i  cc  of 
the  reagent,  a  large  excess,  were  taken  for  each  test.  Where  any 
difference  is  found  in  the  behavior  of  the  two  bases,  it  is  seen  tbat 
phenylhydrazine  precipitates  more  rapidly  and  in  one  instance, 
beryllium  sulphate,  it  precipitates  where  aniline  has  no  action. 
That  both  reagents  bring  down  the  same  precipitates,  one  can 
scarcely  doubt.  They  all  closely  resemble  the  hydroxides  (or 
basic-salts),  formed  by  ammonia,  being  flocculent  and  white  or 
nearly  so,  when  the  reagents  are  free  from  color  and  the  solutions 
are  dilute.  The  color  of  phenylhydrazine  is  partly  borne  down 
by  the  precipitates.  I  have  noticed  that  solutions  containing  free 
nitric  acid  in  sc«ne  quantity,  form  yellow  or  brown  products  which 
are  probably  oxidation  products  and  which  color  the  precipitates. 
The  addition  products  which  are  formed  by  the  action  of  the  same 
bases  on  the  chlorides  of  zinc,  cadmium,  and  mercury,  and  by 
phenylhydrazine  on  the  chlorides  of  cobalt  and  nickel  as  well,  are 
entirely  different  in  appearance ;  in  fact  they  are  crystalline. 

Regarding  the  difference  in  the  behavior  of  the  nitrates  and 
sulphates  of  the  same  elements,  too  little  has  been  done  to  draw 
conclusions,  but  it  will  be  noticed  that  where  any  difference  exists, 
the  sulphates  precipitate  more  rapidly.  The  chlorides  have  not 
been  systematically  compared  with  the  sulphates,  but  enough  has 
been  done  to  show  that  they  behave  similarly  to  the  nitrates,  in 
precipitating  less  rapidly  and  sometimes  less  completely  than  the 
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sulphates.  This  may  be  due  to  the  formation  of  basic  salts  in  the 
case  of  the  sulphates,  precipitates,  which  possess  a  different  solu- 
bility from  the  hydroxides,  or  perhaps  the  sulphates  of  the  organic 
bases  are  less  dissociated  than  the.  chlorides. 

CONCENTRATION  OF  FREE  ACID  IN  THE  SOLUTIONS  PRECIPITATED  BY 
ORGANIC   BASES. 

The  solutions  in  which  the  previously  described  separations  were 
made,  are  too  complicated  in  composition  to  deal  with  directly. 
All  contained  an  unmeasured  quantity  of  ammonium  salt,  while 
some  contained  also  several  different  acids.  A  few  ^periments 
were  therefore  carried  out  under  simplified  conditions. 

Experiment  J. — 100  cc.  titanium  sulphate,  containing  0.0944 
gram  titanium  dioxide,  were  precipitated  with  ammonia,  and  the 
washed  preciphate  was  transferred  by  a  jet  of  water  to  an  empty 
beaker.  A  measured  quantity  of  hydrochloric  acid,  greater  than 
that  theoretically  demanded,  was  then  introduced.  After  warm- 
ing and  stirring,  a  large  part  of  the  precipitate  remaining  undis- 
solved, an  excess  of  phenylhydrazine  was  poured  in.  The  pre- 
cipitate was  then  filtered,  while  the  filtrate  was  carefully  tested  for 
traces  of  titanium.  None  was  found.  It  is  evident  that  we  have 
here  data  which,  with  the  value  of  the  hydrol)rtic  constant  of 
phenylhydrazine  hydrochloride,  will  enable  us  to  calculate  the 
quantity  of  free  acid  present.  For  if  m  equals  the  number  of 
molecules  of  the  phenylhydrazine  salt,  /  equals  the  number  of 
molecules  of  excess  of  base,  v  equals  the  volume  of  the  solution  in 
liters,  k  equals  the  hydrolytic  constant,  and  a  equals  the  degree  of 
dissociation. 


k  =  -^ !— r-  and  a  = ^  - ' ^  ' ^ 


v{i  — a)    """ "  2  m       '    \  m        \    2fn    )  ' 

Total'  weight  of  acid  =  0.238. 

Phenylhydrazine  required  =  0.238  X  -r-i  =  0.704  gram  =  0.006521  gram- 

3*''5 

molecule. 

Phenylhydrazine  used  =  i  cc.  =  1.09  gram. 

Phenylhydrazine  in  excess  =  1.09  —  0.704  =  0.386  gram  =  0.003575  gram- 
molecule. 

m  =  0.006521         Hence  a  =  o.ooi,  i.  e.y  we  have  0.006521  X  o.ooi  X  36.5  = 
/  =0.003575  0.2  milligram  of  free  acid  in  100  cc. 

k  =  0.00002 
»  =  0.2  liter. 
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Experiment  2. — In  this  experiment  all  the  conditions  were  the 
same  as  in  Experiment  i,  except  that  only  0.8  cc.  phenylhydrazine 
was  used. 

fn  —  0.006521         a  =  0.0027,  <•  e,t  we  have  0.60  minigram  of  acid  in  200  oc 
/  =0.001555 
k  =0.00002 
r  =0.2  liter. 

Experiment  j. — To  a  quantity  of  freshly  precipitated  and 
washed  alumina  equivalent  to  0.1257  g^ram  AljO,,  was  added  a 
very  slight  excess  of  hydrochloric  acid,  vis,,  0.280  gram;  all  the 
precipitate  dissolved.  At  a  boiling  temperature,  2  cc.  phenyl- 
hydrazine  gave  a  practically  complete  precipitation,  but  the  pre- 
cipitate was  very  slimy  and  the  conditions  were  not  adapted  to 
practical  work.  The  excess  of  phenylhydrazine  here  is  quite 
large,  but  other  experiments  with  a  smaller  excess  failed  to  pre- 
cipitate the  alumina  completely. 

Here  m  =  0.007672  gram-molecule. 

/  =  0.0125 1  gram-molecule. 
k  =  0.00002. 
V  =^o.i. 

Hence  a  =  0.00008  and  the  free  acid  =  0.007672  X  0.00008  X 
36.5  =  0.02  milligram  per  100  cc. 

The  concentrations  of  free  acid  in  the  above  cases  were  probably 
a  little  larger  than  those  in  the  solutions  with  which  the  practical 
work  was  done,  for  in  the  latter  cases  there  was  an  ammonium 
salt  which  must  have  tended  to  reduce  dissociation. 

It  is  quite  certain  that  titanium  hydroxide  can  be  quantitativdy 
precipitated  in  solutions  more  strongly  acid,  but  we  have  here,  no 
doubt,  about  the  same  amount  of  free  acid  as  in  the  practical  woric. 

There  is  some  reason  to  believe  that  the  calculated  values  given 
above  are  somewhat  too  small,  for  I  found  that  blue  litmus  paper, 
while  it  was  decidedly  reddened  by  the  solutions  we  have  just  con- 
sidered, gave  hardly  any  reaction  with  solutions  prepared  by  add- 
ing the  calculated  amount  of  free  acid  to  100  cc.  distilled  water.* 

I  am  unable  to  explain  this  discrepancy.  Possibly  the  value 
2  X  io~'  for  the  hydrolytic  constant  of  phenylhydrazine  hydro- 
chloride is  too  small,  though  one  would  be  inclined  to  suspect  that 
the  method  used  would  give  high  rather  than  low  results.  At  all 
events  it  appears  probable,  in  view  of  all  the  facts,  that  the  con- 

^  A  sensitive  litmus  tincture,  however,  reacted  strongly  with  these  solutiona. 
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centration  of  free  acid  in  the  solutions  we  have  been  considering  is 
not  greater  than  a  few  milligrams  in  loo  cc. 

SUMMARY. 

( 1 )  The  weak  organic  bases,  such  as  show  little  or  no  alkaline 
reaction  with  indicators,  on  account  of  the  hydrolysis  of  their 
salts,  can,  of  course,  never  completely .  neutralize  the  acid  of  a 
metallic  salt.  They,  therefore,  cannot  precipitate  the  strong 
metallic  bas^s,  but  only  the  weak  ones,  which  are  practically  in- 
soluble in  very  dilute  acid.  The  precipitate  may  be  either  the 
hydroxide  or  a  basic  salt.  All  the  analytical  separations  with 
these  weak  bases,  which  have  been  devised  thus  far,  seem  to  in- 
volve this  principle.  The  strong  reducing  power  of  phenylhydra- 
zine  gives  it  a  particular  advantage  in  certain  cases. 

(2)  The  work  described  in  this  paper  was  done  with  phenyl- 
hydrazine  and  aniline.  These  two  bases  are  of  about  the  same 
strength,  aniline  being  slightly  weaker.  Tb-.s  conclusion  was 
arrived  at  .by  the  study  of  the  saponification  of  methyl  acetate  by 
their  hydrochlorides,  and  also  by  their  power  to  precipitate  metal- 
lic hydroxides.  The  saponification  constants  in  N/io  solutions  at 
40^  C.  were  found  to  be  2.5  X  lo*^  for  the  aniline  salt,  and 
1.7  X  10"*  for  the  phenylhydrazine  salt.  These  numbers  lead  us 
to  the  values  4  X  io~*  and  2  X  10"',  respectively,  for  the  hydro- 
l)rtic  constants.  This  means  that  about  2  per  cent,  of  the  former 
and  1.50  per  cent,  of  the  latter  are  decomposed  into  free  base  and 
free  acid,  under  the  conditions  of  dilution  and  temperature  stated 
above. 

(3)  The  concentration  of  free  acid  in  solutions  from  which  the 
metallic  hydroxides  were  separated  must  be  quite  small.  The 
calculated  values  amoimted  to  but  a  few  tenths  of  a  milligram  for 
such  volumes  as  100  to  200  cc.  There  is  some  reason  to  think 
these  values  are  too  small,  but  it  is  not  likely  that  they  reach  above 
a  few  milligrams  in  the  above  volumes. 

(4)  Aniline  quantitatively  precipitates  the  quadrivalent  and 
weakly  basic  elements,  titanium,  zirconium,  cerium  and  thorium, 
as  well  as  the  trivalent  elements  Fe"',  Al,  and  Cr'"  under  certain 
conditions,  from  dilute  and  slightly  acid  solutions.  The  solutions 
may  be  chlorides,  nitrates  or  sulphates.  The  same  statements 
apply  to  phenylhydrazine,  except  that  eerie  and  ferric  salts  are 
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reduced  by  this  reagent  to  salts  of  comparatively  strong  bases 
which  are  precipitated  incompletely  or  not  at  all. 

Zinc,  cadmium,  mercury,  cobalt  and  nickel,  when  sufficiendj 
concentrated,  form  difficultly  soluble  addition  products  with 
phenylhydrazine.  With  aniline,  also,  zinc,  cadmium  and  mercury 
give  similar  compounds.  The  strongly  basic  elements,  magnesium 
barium,  calcium,  strontium,  manganese  and  ferrous  iron  are  not 
precipitated.* 

Beryllium,  when  present  alone,  is  not  precipitated  by  aniline, 
nor  by  phenylhydrazine,  except  from  sulphate  solutions. 
Actual  separations  were  worked  out  as  follows:  titanium  and 
zirconium  from  iron;  titanium,  zirconium  and  thorium  from 
beryllium.  The  separation  of  aluminum  from  iron  proposed  by 
Campbell  and  Hess  was  studied  more  closely.  A  double  precipi- 
taton  is  advisable  in  all  these  separations.  The  separations  from 
ferrous  iron  depend  upon  the  reducing  power  of  phenylhydrazine 
as  well  as  its  weakly  basic  nature.  Aniline  can  not  be  substituted 
for  it  here,  but  all  the  separations  from  beryllium  may  be  done 
equally  well  with  aniline. 

(5)  Phenylhydrazine  will  accurately  separate  minute  quanti- 
ties of  alumina  (and  probably  also  the  weaker  bases)  from  large 
masses  of  iron. 

Laboratory  op  thb  U.  S.  Gbolooxcal 
SuRVBT,  Washington.  D.  C. 
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Complex  salts  of  organic  acids  are  little  known.  The  chrom- 
oxalates  have  been  thoroughly  studied  from  the  days  of  Mitscher- 
lich  on,  and  in  more  recent  time  the  complex  oxalates  of  the  metals 
of  the  platinum  group  have  been  investigated  by  Joly,  Lcidic, 
Vezes,  and  their  pupils.  Few,  if  any,  other  organic  acids  than 
oxalic  have  been  examined  from  the  standpoint  of  the  formation 
of  complex  salts. 

Several  years  ago  a  preliminary  qualitative  examination  was 
made  in  this  laboratory,  by  Mr.  G.  B.  Capito  and  Mr.  W.  E.  Davis, 
of  the  relations  of  chromium  to  a  number  of  organic  acids,  and  it 

hU  Jonmal,  ai,  779. 
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was  found  that  several  promised  interesting  results,  among  them 
malonic,  tartronic,  tartaric,  racemic,  lactic,  and  others. 

Owing  to  pressure  of  other  work,  the  investigation  was  laid 
aside  until  the  past  session,  when  Mr.  G.  R.  Smiley  spent  some 
time  studying  the  compounds  of  chromium  with  malonic  acid. 
The  investigation  has  now  led  in  quite  a  different  direction,  and. 
as  there  is  no  prospect  that  the  chromium  salts  will  be  further 
studied  in  this  laboratory,  the  results  obtained  by  Mr.  Smiley  are 
published  at  this  time. 

The  method  used  in  the  study  of  the  chromium  malonates  was 
to  prepare  chromium  hydroxide  by  the  action  of  ammonium  hy- 
droxide upon  a  solution  of  pure  chromium  chloride,  the  green 
precipitate  being  washed  by  decantation  until  the  wash-waters 
showed  no  further  trace  of  soluble  salts.  This  process  took 
several  weeks.  This  chromium  "mud"  was  preserved  in  a  moist 
condition.  Definite  quantities  of  the  hydroxide  were  dissolved  in 
solutions  of  malonic  acid  of  varying  strengths.  When  it  was 
desired  to  form  salts,  an  excess  of  malonic  acid  was  used,  and 
this  excess  neutralized  by  the  base.  The  salts,  with  the  exception 
of  that  of  pyridine,  do  not  crystallize  well,  and  it  was  in  most  cases 
difficult  to  prepare  enough  of  the  pure  salt  for  analysis. 

Two  chrom-malonic  acids  were  found:  jiCr(Mal)2.2HjO  and 
H,Cr(Mal),.3H20.  These  must  undoubtedly  be  looked  upon  as 
true  complex  acids,  and  correspond  to  the  chrom-oxalic  acids. 
The  pyridine  salt  of  the  monobasic  chrom-malonic  acid  was  ob- 
tained in  fine  crystals,  as  well  as  a  very  similar  potassiiun  salt,  which 
probably  has  the  same  composition.  Small  quantities  of  a  similar 
ammonium  salt  were  obtained,  but  not  enough  for  analysis.  It 
was  always  accompanied  by  a  salt,  very  different  in  appearance, 
consisting  of  thin  blue  plates.  This  blue  salt  reminds  one  of  the 
tribasic  chrom-oxalates.  A  single  sample,  appearing  pure  under 
the  microscope  and  weighing  0.09  gram,  gave  19.95  P^^  cent, 
chromium,  which  would  indicate  that  it  was  not  a  salt  of  the 
tribasic  acid.  A  similar  blue  salt  appeared  in  working  with  other 
acids  and  also  with  cobalt  salts. 

The  cesium  and  rubidium  salts  obtained  are  unlike  the  pyridine 
and  potassium  salts,  and  unlike  each  other.  They  are  not  of  a 
simple  formula,  and  the  amounts  obtained  were  insufficient  to  de- 
termine the  composition  of  the  salts.  The  rubidium-chromium 
ratio  was  4:5,  and  the  cesium-chromium  ratio  i  :7.  The  rubiditmi 
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salt  is  orthorhombic  and  strongly  pleochroic,  while  the  cesium 
salt  shows  no  pleochroism. 

Work  is  at  present  being  carried  on  in  this  laboratory  on  the 
double  salts  of  cobalt  with  organic  acids ;  the  cobalt  malonates 
prove  to  be  easily  oxidizable  to  cobalti-malonates. 

Chrom-malonic  Acid,  Monobasic,  HCr(Mal)2.2H,0. — ^Fonncd 
by  the  action  of  malonic  acid  solution  on  chromium  hydroxide. 
Pink  crystals,  not  pleochroic,  rather  insoluble  in  cold  water, 
soluble  in  hot  water.  The  solution  is  acid  and  the  chromium  is 
not  precipitated  by  ordinary  reagents.  It  forms  salts  on  neutraliza- 
tion by  alkalies. 

Calculated  for  Pound. 

HCr(Mal)s.2H,0.  Percent. 

Chromium 17.74  18.08 

Water 12.32  13.97 

Chrom-malonic  Acid,  Tribasic,  H3Cr(Mal)s.3HsO. — Formed 
by  wanning  chromium  hydroxide  with  excess  of  malonic  acid  in 
solution.  Fine,  pale  pink  powder,  soluble  in  water.  Similar  in 
properties  to  the  monobasic  acid. 

Calculated  for  Pound. 

H,Cr(  Ma  I  )s.3HsO.  Per  cent 

Chromium 12.55  I2*4i 

Water [3.00  12.98 

Pyridine  Chrom-malonaie,  PyrCr(Mal)2.2H20. — Formed  hy 
neutralizing  a  solution  of  chromium  in  excess  of  malonic  acid, 
with  pyridine.  Monoclinic  crystals,  showing  base,  prism,  cKik)- 
pinacoid  and  pyramid;  trichroic,  exhibiting  pink,  salmon,  and 
violet.  Rather  difficultly  soluble  in  cold  water,  but  easily  soluble 
in  hot  water,  from  which  the  salt  crystallizes  readily. 

Pound. 


Calculated  for  I.  II. 

PyrCr(Mal)t.aHiO.    Percent.         Percent. 

Chromium 14.00  13.80  13.99 

Potassium  Chrom-malonate. — ^^This  salt  resembled,  both  in 
manner  of  formation  and  in  properties,  the  pyridine  salt,  exhibit- 
ing the  same  pleochroism  and  the  same  crystall(^raphic  form. 
The  chromium-potassium  ratio  in  two  analyses  was  found  to  be 
1 : 1.05  and  1 10.93,  ^^^  the  chromium-water  ratio  in  one  analysis 
I  :i.75,  making  the  probable  formula  ofthesaltKCr(Mal),.2H,0, 
similar  to  that  of  the  pyridine  salt. 

Washington  and  I«bb  University, 
February  4, 1903. 
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University.  New  York,  London,  and  Bombay  :  Longmans,  Green,  and 
Co.    1902.    Crown,  8vo.    xiii  -f  377  pp.    Price,  I1.50. 

This  book  has  not  an  uninteresting  page  in  it,  and  is  'las  full  of 
meat  as  an  egg"  when  it  is  in  the  hands  of  those  for  whom  it  is 
intended,  "teachers  who  are  earnestly  seeking  for  improvement" 
(editors'  note),  and  others  who  have  some  knowledge,  the  more 
the  better,  of  chemistry  and  physics.  To  such,  the  volume  fulfils 
its  share  of  the  mission  of  the  American  Teachers'  Series,  of 
which  it  forms  a  part,  that  of  being  a  teacher's  help. 

"The  authors  of  the  separate  parts  on  chemistry  and  physics 
have  conferred  frequently  ***.**  to  avoid  unnecessary 
duplication  *  *  ♦  .  In  a  few  instances,  however,  the  divergence 
between  the  opinions  of  the  authors  seemed  to  make  it  desirable 
that  each  should  present  his  own"  (editors'  note). 

The  foregoing  will  indicate,  in  part,  why  nearly  two-thirds  of 
the  book  is  written  by  the  chemist  and  the  remainder  by  the 
physicist.  The  chemistry  comes  before  the  physics  in  the  book, 
the  chemist  concluding,  however,  that  physics  should  come  be- 
fore chemistry  in  the  laboratory  and  the  classroom. 

While  primarily  intended  for  teachers  in  the  secor\dary  schools, 
the  reading  of  the  book  will  more  than  repay  the  college  or  uni- 
versity instructor.  The  parts  given  to  chemistry  and  physics  are 
full  of  suggestions  but  differ  in  treatment  and  in  the  amount  of 
detail  and  emphasis  given  to  similar  topics  in  the  two  sciences. 

The  work  begins  with  a  discussion  on  the  value  of  science  in 
general,  and  chemistry  and  physics  in  particular,  in  a  scheme  of 
secondary  education.  It  presents  the  conflicting  views  in  a  clear, 
comprehensive  and  satisfying,  if  not  satisfactory,  way.  This  is 
followed  with  considerations  regarding  the  place  and  sequence  of 
chemistry  and  physics  in  a  curriculum.  Then  follows  the  char- 
acter and  method  of  the  instruction  in  chemistry,  in  the  classroom 
and  the  laboratory;  the  subjects  of  the  courses;  the  equipment 
of  the  laboratory  in  apparatus,  in  literature,  and  in  first  aid  in  case 
of  accident ;  with  an  excellent  bibliography  of  chemistry  for  the 
teacher  first  and  then,  to  a  limited  extent,  for  the  pupil  in  addition 
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to  the  bibliography  at  the  beginning  of  each  chapter  and  the  notes 
and  references  which  are  found  on  nearly  every  page;  and  last 
and  greatest,  the  equipment  and  development  of  the  teacher. 

The  matters  discussed  under  physics  are,  mutatis  mutandis, 
the  same  as  those  under  chemistry,  without  following  the  same 
order. 

While  every  one  will  not  agree  with  the  authors  in  all  their 
views,  it  will  be  generally  admitted  that  these  views  are  urged  with 
ability,  earnestness  and  moderation,  and  in  their  endeavor  to  show 
how  chemistry  and  physics  can  be  made  of  more  intellectual 
benefit  in  a  course  of  instruction  there  will  be  few  that  will  deny 
that  they  have  succeeded  and  at  the  same  time  made  a  book  that 
will  repay  careful  study  from  cover  to  cover.        W.  G.  Brown. 

Thonindustrib-Kai.endbr,  1903.    Wbihnachtsbbiz.ag^  dbr  TaoNnr* 

DUSTRIB-ZBlTtTNG,  BBRUN. 

The  publishers  of  the  Thonindustrie-Zeitung  have  distributed 
to  their  patrons  their  annual  calendar,  in  two  parts,  for  1903. 

Part  I,  bound  in  linen,  as  is  usual  with  such  publications,  is 
largely  in  diary  form,  but  contains  in  addition  69  pages  of  maxims 
for  clayworkers,  in  very  concise  form,  which  apply  not  only  to  the 
technical  but  also  to  the  management  of  the  administrative  and 
mechanical  sides  of  the  clay  industries.  Although  many  of  the 
observations  are  truisms,  they  are  all  more  or  less  suggestive  and 
might  bring  about  a  decided  improvement  in  the  results  attained 
in  any  of  our  own  clay  industries  were  they  translated  and  put 
into  the  hands  of  managers,  superintendents  and  foremen. 

Part  II,  in  paper,  450  pages,  opens  with  instructions  as  to  the 
proper  manner  of  examining  clay  deposits  by  borings  and  cuts, 
pointing  out  the  necessity  for  so  doing,  and  the  methods  of  d^ 
termining  the  depth,  extent,  and  character  of  the  material  in  any 
deposit  before  attempting  to  develop  and  use  it.  Apparatus  such 
as  calorimeters,  that  for  the  examination  of  flue  gases,  draft  indi- 
cators in  their  various  forms,  flue  thermometers,  alarm  clocks  for 
the  guidance  of  stokers  at  the  kilns,  registering  clocks  for  the  con- 
trol of  the  firemen  and  others,  are  described.  The  manner  of  deter- 
mining the  completion  of  the  burning  processes  from  the  shrinkage 
of  test-pieces  and  of  the  temperatyre  of  the  kilns,  by  means  of  the 
very  useful  S^er  cones,  and  by  pyrometers  of  the  electric  type, 
with  tables  showing  the  temperatures  with  which  cones  of  various 
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numbers  correspond,  are  explained.  Paragraphs  on  hygrometers 
and  their  uses,  the  control  of  temperature  in  drying  chambers, 
methods  of  determining  soluble  salts  in  clays  for  the  prevention  of 
efflorescence  in  the  finished  products,  for  the  water  capacity  of 
days,  for  their  examination  for  uniformity  by  elutriation,  for  the 
determination  of  voids  or  volume  weight,  and  their  binding 
properties  follow.  Tests  for  the  amount  of  solid  glazing  material 
necessary  in  glazing,  for  determining  the  crushing  strength  of  the 
finished  products,  their  loss  from  attrition  and  their  resistance  to 
impact  and  weathering  are  noted.  The  use  of  the  Deville  furnace 
for  testing  the  fire-resisting  quality  of  clays  and  the  determination 
of  their  shrinkage  or  contraction  in  burning  is  described.  The 
apparatus  for  all  these  determinations  or  tests  and  for  the  control 
of  the  burning  processes  are  furnished  by  the  laboratory  of  the 
editors.  Much  'of  it  could  no  doubt  be  introduced  into  the  clay- 
working  industries  of  the  United  States  with  success. 

The  remainder  of  the  contents  of  the  second  part  of  the  calendar 
is  of  purely  local  interest  in  Germany,  unless  it  be  a  list  of  books, 
475  i^  number,  relating  to  the  various  industries  in  which  clay  is 
employed,  which  are  sold  by  Seger  and  Cramer,  6  Kruppstrasse, 
Berlin,  N.  W.  5. 

To  all  engaged  in  the  clay  industries,  especially  the  production 
of  brick  and  terra  cotta,  who  have  a  knowledge  of  the  German 
language,  the  calendar  will  be  found  to  be,  at  least,  suggestive, 
although  largely  an  advertisement  of  the  wares  of  Seger  and 
Cramer.  Clifford  Richardson. 

Lbad  SicBLTiNG :  Thb  Construction,  BQmPMBNT,  and  Opbration  of 
Lead  Bjuast-Purnacbs,  and  Obsbrvations  on  thb  Inplubncb  op 

MbTAIXIC  EirBMBNTS  ON   SLAGS,  AND  THB  SCIBNTIPIC  HANDLING  OP 

Smoke.  By  Malvern  Wblls  Iles,  Ph.D.,  some  time  Assistant  In- 
stnictCMr  Qnalitative  Laboratory,  School  of  Mines,  Columbia  University ; 
Chemical  Fellow,  Johns  Hopkins  University  ;  Assayer  and  Chemist, 
Grant  Smelting  Works,  Leadville,  Colo.;  Metallurgist,  Omaha  and  Grant 
Smelting  Works,  Denver,  Colo.;  also  Holden  Smelting  Co.,  Denver, 
Colo.;  Superintendent  Globe  Smelting  and  Refining  Co.,  Denver,  Colo. 
John  Wiley  and  Sons.     1902.    228  pp. 

This  book,  in  which  the  author  has  recorded  the  experience  of 
many  years  of  actual  contact  with  smelting  operations,  is  a  very 
complete  discourse  on  the  subject  told  in  a  conversational  style 
without  any  attempt  at  literary  embellishment,  and  the  student 


450  NEW  BOOKS. 

will  find  here  what  he  wants  to  know :  how  to  carry  into  practice 
the  principles  he  may  have  received  elsewhere. 

Owing  to  the  manner  of  presentation  there  is  more  or  less 
repetition,  but  perhaps  this  is  advantageous  rather  than  otherwise, 
inasmuch  as  this  occurs  while  considering  different  phases  of  the 
subject. 

After  a  general  discussion  of  the  blast-furnace  and  its  manage- 
ment, suggestions  as  to  drawings  and  specifications  are  given,  in- 
cluding a  full  discussion  of  the  inner  lines  of  the  furnace.  This 
part  of  the  work  is  fully  illustrated,  and  dimensions  are  given, 
also  a  historical  sketch  of  the  changes  which  have  taken  place 
from  time  to  time ;  this  is  followed  by  details  of  the  foundation, 
the  crucible,  the  water-jackets  and  the  superstructure. 

The  power  plant  is  fully  discussed,  and  the  equipment  of  the 
plant  with  tools  and  implements  is  treated  in  much  and  valuable 
detail. 

After  some  suggestions  as  to  "blowing  in,"  the  calculation  of 
charges  is  dealt  with,  followed  by  suggestions  as  to  the  general 
supervision  and  operation  of  the  plant.  Fifteen  pages  are  devoted 
to  wall  accretions  and  influence  of  metallic  elements.  The  results 
of  the  smelting  operations,  the  composition  of  slags,  bullion,  etc, 
and  the  production  of  antimonial  lead  is  fully  dealt  with ;  there  is 
also  a  short  chapter  on  roasting  furnaces.  The  balance  of  the 
book,  some  sixty  pages,  is  taken  up  with  a  discussion  of  "smoke" 
in  which  "the  aim  has  been  to  show  how  the  stupendous  values 
heretofore  lost  in  smoke  can  be  saved  by  filtering  through  cloth/' 
The  author  strongly  advocates  this  use  of  cloth  for  collecting 
fumes. 

Any  student  aspiring  to  the  management  of  a  smelter,  par- 
ticularly a  lead  smelter,  should  study  this  book.  It  will  prove  help- 
ful to  all  who  desire  some  knowledge  of  this  branch  of  metallurgy. 

Wm.  Hoskins. 
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ON  THE  CAU5E  OF  THE  CEriENTINQ  VALUE  OF  ROCK 
POWDERS  AND  THE  PLASTICITY  OF  CLAYS, 

Bt  Allbrton  S.  Cusbman. 

ReMiTed  Pebniary  17, 1903* 

In  the  course  of  the  investigation  of  rocks  as  road-building 
material,  it  early  became  apparent  .that  in  addition  to  the  hardness, 
resistance  to  wear,  and  other  physical,  mechanical,  and  economical 
conditions  that  required  consideration,  the  binding  power,  or  as 
it  has  oxne  to  be  called,  the  cementing  value,  was  one  of  the  most 
important  factors  in  deciding  as  to  the  nature  and  value  of  the 
material. 

The  description  of  methods  of  reducing  the  materials  to  pow- 
ders, the  formation  from  these  powders  of  briquettes  under  con- 
stant pressure,  and  the  subsequent  impact  testing  by  which  the 
cementing  value  is  obtained,  has  already  been  thoroughly  described 
by  Mr.  L.  W.  Page,*  to  whom  the  development  of  the  study  of 
the  cementing  value  of  rocks  and  the  methods  of  impact  testing  is 
due.  An  outline  description  of  the  methods  employed  is  all  that 
is  necessary  here.  The  stone  or  other  material  is  ground  in  a 
ball  mill  until  it  passes  a  screen  with  40  meshes  per  centimeter 

>  Report  MMMctauflctts  Highway  Commianon,  1900. 
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(lOO  per  inch).  This  sifted  powder  is  then  mixed  with  suffidciit 
water  to  make  a  stiff  "dough."  After  standing  twenty-four  hours, 
cylindrical  briquettes  are  made  of  standard  size  (25  mm.X25 
mm.)  at  a  standard  pressure  of  100  kilograms  per  square  centi- 
meter. This  is  done  in  a  specially  designed  hydraulic  press.  The 
briquettes  are  then  dried  in  an  air-bath  at  100^  and  tested  in  aii 
impact  machine  which  delivers  a  standard  blow  of  i  Idlogram, 
falling  I  cm.  The  cementing  value  is  measured  in  this  laboratxxy 
by  the  average  number  of  standard  blows  that  a  series  of 
briquettes  made  from  a  rock  powder  will  stand.  The  tests  on 
many  hundred  samples,  including  clays,  gravels  and  rocks  of  tvtry 
description  have  shown  a  range  of  cementing  values  varying  from 
those  which  will  stand  several  thousand  blows  down  to  those  that 
will  barely  stand  one.  A  careful  scrutiny  of  recorded  tests  in 
connection  with  the  nature  and  chemical  composition  of  a  given 
material  does  not  reveal  the  reason  for  the  phenomenon.  Rocks 
which,  on  chemical  analysis,  show  themselves  essentially  identical 
in  composition  frequently  vary  widely  in  cementing  value. 

We  are  at  once  reminded  of  the  great  variation  in  plasticity 
which  has  been  found  in  the  case  of  clays.  That  the  plasticity  of 
clays  is  a  phenomenon  allied  to,  if  not  identical  with,  the  binding 
power  of  rock  dust  there  seems  to  be  no  doubt.  The  same  prop- 
erty which  makes  a  rock  dust  bind  makes  it  form  a  plastic  mass 
when  worked  up  with  water.  It  has  never  been  positively  decided 
whether  there  is  a  definite  combination  constituting  the  essential 
basis  of  all  substances  to  which  the  name  clay  is  applied.^  If 
there  is,  however,  one  quality  which  marks  and  characterizes  a 
clay  and  distinguishes  it  from  other  finely  divided  material  found 
in  nature,  it  is  plasticity.  The  classification  of  materials,  accord- 
ing to  the  size  of  the  particles  into  silts  and  clays,  is  in  the  opinion 
of  the  writer  incorrect.  Powdered  glass  in  the  finest  state  of  sub- 
division in  which  it  can  be  obtained  by  elutriation  has  no  cementing 
value  whatever,  and  the  same  thing  is  true  of  the  powders  obtained 
from  the  natural  glasses  and  semiglasses  represented  by  some  of 
the  igneous  and  metamorphic  rocks. 

If  we  compare  a  plastic  powder  with  a  non-plastic  one,  noAing 
is  explained  when  we  say  that  in  the  former  case  the  particles 
cohere,  while  in  the  latter  they  do  not.  The  problem  still  remains 
to  discover,  if  possible,  the  reasons  for  this  cohesion.     No  adequate 

1  Compare  Century  Dictionary. 
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explanation  of  the  plasticity  of  clays  has  as  yet  been  advanced. 
So  high  an  authority  as  Dr.  Heinrich  Ries^  has  left  the  subject 
open  by  his  statement  that :  "Plasticity,  ivhatever  its  cause,  is  an 
important  property  from  a  commercial  standpoint  and  interesting 
from  a  scientific  one."  The  same  authority  presents  to  us  the 
various  theories  that  have  from  time  to  time  been  advanced  to 
account  for  the  phenomenon,  and  finally  decides  on  a  combination 
of  the  two  theories,  of  Cook*  and  Olchewsky.*  "Cook  considered 
plasticity  to  be  due  to  a  plate  structure  present  in  the  clay,  the 
plates  sliding  over  each  other  and  thus  permitting  mobility  in  the 
mass  without  cracking.  He  further  found  that  in  the  kaolins  the 
plates  of  kaolinite  were  frequently  collected  in  little  bunches,  and 
that,  after  these  were  rubbed  in  a  mortar,  in  order  to  tear  apart  the 
plates,  they  showed  increased  plasticity.  Olchewsky  was  probably 
the  first  to  suggest  that  the  plasticity  and  cohesion  of  a  clay  are 
dependent  on  the  interlocking  of  the  clay  particles  and  kaolin 
plates,  and  in  this  connection  used  the  briquette  method  of  testing 
the  plasticity,  or  rather  obtaining  a  numeric  expression  of  it  by 
testing  the  tensile  strength  of  the  air-dried  clay."*  The  above 
explanation,  if  explanation  it  can  be  called,  is  far  from  satisfac- 
tory. In  fact  we  are  no  nearer  an  understanding  of  the  phe- 
nomenon when  we  say  that  clay  particles  "interlock"  than  when 
we  say  that  they  cohere.  Moreover,  simple  plate-shaped  particles 
do  not,  ipso  facto,  lead  to  high  cementing  value  and  plasticity,  as 
many  substances,  such  as  mica,  talc,  graphite,  etc.,  do  not  yield 
plastic  powders.  It  has  been  claimed  that  the  explanation  is  to  be 
sought'  in  the  size  as  well  as  the  shape  of  the  particles,  but,  though 
undoubtedly  both  these  elements  enter  into  the  problem,  it  is  none 
the  less  true,  as  will  be  shown  later,  that  at  no  obtainable  degree  of 
fineness  does  a  non-plastic  powder  begin  to  show  plastic  qualities. 
Orton,*  commenting  on  the  work  of  Cook,  says :  "Clays  already 
naturally  plastic  show  no  plates  at  all,  only  a  homogeneous  matrix. 
These  points  indicate  that  the  plasticity  of  a  clay  depends  on  the 
extent  to  which  the  tendency  to  a  crystalline  structure  has  been  de- 
stroyed in  the  treatment  that  the  clay  has  received."    It  is  well 

1  Bull.  N.  Y.  SUte  Museum,  J8>  No.  7,  p.  544  (1900). 

•  N.  J.  G«ologicftl  Survey,  (1878) ;  Clays  of  N.  J. 

•  Top/,  u.  Zi^,  Ztg.  (188a),  p.  39. 
«  Rics :  Loc.  cit. 

»  Compare  G.  P.  Merriira  "  Rock,  Rock  Weathering  and  Soils." 

•  Oiton  :  Gcol.  Sunr.  of  Ohio,  7,  i. 
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known  that  the  plasticity  of  many  clays  is  increased  by  soaking 
and  kneading  with  water,  and  the  same  thing  is  noticed  in  the  case 
of  the  cementing  power  of  rock  dusts,  granting  that  there  is  a  cer- 
tain plasticity  to  begin  with.  Starting  with  a  non-plastic  powder 
no  amount  of  working-up  will  give  it  cementing  power.  Any 
further  discussion  of  these  points  will  now  be  deferred  until  cer- 
tain results  have  been  presented  which  bear  directly  upon  the 
cementing  power  of  rock  powders. 

THE  CEMENTING  VALUE  OF  ROCK  POWDERS. 

It  was  realized  from  the  beginning  of  the  investigation  that  the 
phenomenon  of  the  cementing  power  of  rock  dusts  was  possibly 
the  result  of  several  if  not  many  causes.  Among  those  which 
might  be  expected  to  have  more  or  less  influence,  may  be  men- 
tioned : 

(i)  Solubility,  however  slight,  of  the  material  or  of  certain 
ingredients  of  the  material. 

(2)  Size  and  shape  of  the  particles. 

(3)  Chemical  reactions  set  up  on  moistening  the  powders,  as  in 
the  cases  of  Portland  cements,  mortar,  etc. 

(4)  Crystalline  forces  operating  under  either  i  or  3,  as  in  the 
cases  of  plaster-of-Paris,  mortar,  cements. 

(5)  Physical  nature  or  condition  of  the  particles  and  their  re- 
lations to  water:  (a)  Unbound  water;  (&)  hygroscopic  water; 
(c)  water  of  crystallization;  (rf)  water  of  constitution,  or  combi- 
nation. 

After  many  experiments  in  this  laboratory,  scmie  of  which  arc 
detailed  in  the  following  pages,  the  conclusion  was  reached  diat, 
although  the  causes  put  down  under  the  first  four  headings  are  to 
a  certain  degree  operative  in  many  cases,  and  even  perhaps  of 
paramount  importance  in  exceptional  ones,  it  is  under  the  fifth 
heading  that  the  true  cause  of  cementing  power  and  plasticity 
must  be  sought. 

If  a  rock  powder  is  ignited  at  a  temperature  at  which  all  the 
water  of  combination  is  expelled,  the  cementing  power  is  invari- 
ably totally  destroyed.  This  is  also  true  as  regards  the  plasticity 
of  all  grades  and  varieties  of  clays.  No  better  indication  could  be 
had  that  the  binding  power  is  a  function  of  the  combined  water  or 
of  some  condition  of  the  particles  which  is  invariably  accompanied 
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by  the  presence  of  combined  water.  Early  in  the  investigation  the 
idea  had  suggested  itself  that  there  must  be  a  physical  difference 
in  the  nature  of  the  particles.  Powders  which  cement  well,  must 
be  composed  of  particles  which  present  to  one  another  more  or 
less  "sticky"  or  adherent  surfaces.  As  a  matter  of  fact,  a  trained 
eye  can  at  once  detect  a  powder  that  is  likely  to  give  a  high  cement- 
ing value.  A  plastic  powder  when  poured  on  a  flat  surface  will 
form  a  more  or  less  cone-shaped  heap,  while  a  non-plastic  powder, 
to  use  the  language  of  the  clay  worker,  "squats."  Most  authorities 
have  rejected  the  notion*  that  water  of  combination  conditions 
the  plasticity,  for  the  simpk  reason  that  many  totally  non-plastic 
earthy  deposits  and  minerals  have  a  high  water  content.  The 
difficulty  has  probably  arisen  from  a  failure  to  distinguish  different 
kinds  of  water  of  combination.  The  whole  question  of  combined 
water  in  inorganic  materials  is  a  most  interesting  one  and  will  be 
more  fully  discussed  later  on. 

In  the  earlier  experiments,  four  road-building  materials  were 
selected,  which,  while  essentially  similar  in  geological  character 
and  chemical  composition,  had  shown  a  wide  variation  in  cementing 
value.  The  number,  analysis,  cementing  value,  specific  gravity 
and  weight  of  the  dry  2.s  mm.  briquettes  are  given  in  the  table 
below. 

Table  I. 

No.  441.  No.  MI*  No.  34a.  No.  414- 

H,0 5-20  4.73  3.00  0.20 

SiO, 83.22  83.35  88.06  9590 

A1,0, 7.75  9.53  6.00  2.60 

FcjO, 3.10          2.23  2.34  1.05 

CaCO, 0.75  trace  0.00  0.50 

MgCO, 0.00         0.00  0.00  trace 

100.02  99.84  99.40  100.05 

Cementing  value 297.0  loi  .0  74.0  2.0 

Specific  gravity  of  powder  ...     2.3  2.6  2.5  2.5 

Gtmms.  GranM.  Grams.  Grams. 

Weight  dry  briquette 22.5  23.6  21.0  18.8 

A  study  of  these  records  shows  that  the  degree  of  hydration,  in 
so  far,  at  least,  as  these  four  samples  are.  concerned,  has  followed 
the  order  of  the  cementation.  In  addition  to  this,  it  is  seen  that 
the  respective  weights  of  the  25-mm.  briquettes  are  not  in  the  ratio 
of  the  specific  gravities.     In  other  words,  some  rock  powders  are 

'  Compare  Cook  :  Loe.  «'/.,  p.  a68. 
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appai'ently  more  compressible  than  others.  In  so  far  as  the  writer 
is  aware,  little  or  no  attention  has  been  given  to  the  subject  of  the 
compressibility  of  rock  powders ;  it  is  not  even  known  what  bear- 
ing water  of  combination  has  on  the  volume  relations  of  powders. 
In  order  to  pursue  this  subject,  it  was  decided  to  further  investi- 
gate the  samples,  the  analyses  of  which  have  been  given  above. 
Portions  of  the  rock  powders  were  ignited  at  a  red  heat  until  com- 
pletely dehydrated ;  a  series  of  briquettes  were  then  prepared  by 
weighing  exactly  20  grams  of  each  of  the  powders,  both  raw  and 
ignited.  These  briquettes  were  then  carefully  measured,  and  de- 
terminations of  the  specific  gravity  of  the  powders  made.  The  re- 
sults are  contained  in  the  following  table. 

Tablk  II. 

W4ter.  HeiRhtofao>      Cementing      Comprcs- 

No.  Per  cent.  sp.  gr.     gram  briquette.         value.  sioo. 

441 5.20  2.3  22.2  297  7 

441  ignited  •••  •  0.00  2.5  29.0  2  — 

341 4.73  2.5  21.2  loi  2.8 

341  ignited  *..  •  0.00  2.6  25.2  2  — 
342... 3.00  2.5  23.8  74  2.4 

342  ignited  ....  0.00  2.5  27.0  2  — 

414 0.20  2.5  26.6  2  — 

414  ignited  ....  0.00  2.4  28.9  2  0.2 

An  inspection  of  the  above  table  shows  that  the  briquettes  made 
from  ignited  powder  are  invariably  larger  than  those  made  from 
raw  powder,  and  that  this  difference  in  height  is  not  entirely  ac- 
counted for  by  the  slight  difference  in  specific  gravity.  Assuming 
that  the  water  of  constitution  is  so  included  in  the  particles  of  the 
raw  powder  as  not  to  add  materially  to  their  bulk,  a  correction 
must  be  applied  for  this.  For  instance,  in  the  case  of  No.  441, 5.2 
per  cent,  of  the  20  grams  weighed,  or  1.04  grams,  consisted  of 
combined  water.  In  No.  441  ignited,  this  proportion  of  the  weight 
is  substituted  by  material  which  certainly  adds  to  the  volume.  In 
this  table  the  values  in  the  column  headed  compression 
are  obtained  by  applying  corrections  for  the  change  in  specific 
gravity  and  loss  in  water.  The  following  formula  gives  at  once 
the  compression  from  the  data  involved : 

\  b         100/ 
where  A  and  B  are  the  respective  heights  of  the  raw  and  ignited 
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briquettes,  a  and  b  the  corresponding  specific  gravities,  and  y  the 
percentage  of  water  of  hydration. 

It  appears  from  these  results,  which  have  been  confirmed  by 
many  others  not  here  given  that  plastic  powders  molded  into  bri- 
quettes under  a  given  pressure  apparently  suffer  a  certain  com- 
pression which  is  not  shown  by  the  material  after  the  plastic  condi- 
tion has  been  destroyed  by  ignition:  We  have  now  to  inquire  if 
any  reason  can  be  found  not  only  for  this  compression  but  for 
the  fact  that  it  seems  to  accompany  the  plastic  condition. 

Compressibility  may  be  conditioned  by :  ( i )  Porosity  and  plas- 
ticity of  the  particles  which  would  allow  of  their  being  "squeezed" 
into  closer  contact  and  configuration.  (2)  Shape  and  size  of  the 
particles  governing  their  resistance  to  close  contact  and  the  in- 
closure  of  voids. 

In  this  work  it  was  found  that  the  ignited  powder  always  con- 
tained a  much  larger  proportion  of  impalpably  fine  dust  than  the 
raw  hydrated  powders.  This  is  shown  not  only  by  microscopic 
examinations  hut  proved  by  dropping  the  respective  powders  into 
water,  when  it  is  easily  seen  that  the  former  contains  a  greater  pro- 
portion of  fine  material  which  remains  longer  in  suspension. 

It  is  conceivable  that  a  hydrated  material  may  possess  a  porosity 
so  fine  that  the  magnitude  of  the  interstitial  spaces  is  submicro- 
scopic,  perhaps  not  far  removed  from  that  of  the  water  molecules 
themselves.  The  heating  by  ignition  of  a  powder  consisting  of 
such  hydrated  particles  would  have  a  bursting  or  disrupting  effect 
upon  the  particles  which  would  thus  fall  down  to  a  more  impal- 
pable dust.^ 

In  order  to  investigate  the  effect  of  size  of  particle  on  the  volume 
of  briquettes  it  was  decided  to  prepare  glass  powders  of  different 
degrees  of  fineness.  A  quantity  of  the  best  French  plate  glass  was 
accordingly  powdered  in  the  ball  mill  and  sifted  through  a  0.25- 
mm.  mesh  screen.  A  quantity  of  the  sifted  powder  was  shaken 
up  with  a  large  excess  of  distilled  water  and  allowed  to  settle  for 
ten  minutes.  The  portion  in  suspension  was  then  decanted  to 
another  vessel  and  allowed  to  settle  again  for  thirty  minutes ;  the 
decantation  was  then  repeated  and  the  third  or  finest  portion  al- 
lowed to  settle  completely.  The  three  portions  were  thoroughly 
dried  in  an  air-bath,  and  the  three  powders  examined  under  a  high- 

1  At  the  time  at  which  the  above  was  written  the  author  was  not  familiar  with  the  in- 
teicfldnf  work  of  Van  Bemmelen  on  the  dehydration  of  inorganic  colloids  (the  so-called 
hydrofels),  or  with  the  miscetlian  theory  of  Nageli. 
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power  microscope  fitted  with  a  micrometer  eye-piece,  with  a  view 
to  getting  some  notion  of  the  comparative  size  of  the  particles  in 
the  respective  samples.  As  the  size  of  the  different  particles  was 
in  no  case  uniform,  the  best  that  could  be  done  was  to  measure  the 
largest  particle  that  presented  itself  in  each  field  and  then  select 
one  that  seemed  more  nearly  to  represent  an  average;  20-gram 
briquettes  were  then  made  from  each  of  the  three  powders,  and 
careluUy  measured.  The  cementing  value  is  given  in  each  case  to 
show  that  it  does  not  increase  with  the  fineness  of  the  particles,  if 
a  non-plastic  powder  is  being  dealt  with.  The  results  are  given  in 
the  following  table: 

Table  III. 

Amount  of 
Ai»pToziiiiu%«  water  nicd  in 

sisc  of  making       Heigbt  of 

ix>wders.  briquettes,     briquette.  CemenliaK 

Sample.  mm.  cc.  mm.  valve. 

Coawc /maximum    o.a  ag  i 

^^^^"^ I  average        0.025  ^  ^  * 

Medium i  maximum    0.050  , 

i  average        0.017  *  ^ 

Fine I™"""""    Tr^  4  36  1 

(.average        0.004  ^  ^ 

It  may  be  questioned  whether  the  difference  in  the  observed 
volume  of  the  briquettes  could  be  occasioned  by  a  difference  in  the 
specific  gravity  of  the  various  powders.  The  extreme  compression 
observed  between  the  minimum  and  maximum  volume  in  these 
glass  briquettes  is  9.5  mm.;  this  corresponds  to  a  calculated 
difference  of  0.7  of  a  unit  in  the  specific  gravity.  That  is  to  say, 
if  the  powder  had  a  specific  gravity  equal  to  2.5,  the  finest  would 
have  to  have  a  specific  gravity  equal  to  1.8  in  order  to  account  for 
the  variations.  It  is  impossible  to  believe  that  such  a  homogeneous 
material  as  plate  glass  could  be  separated  into  portions  of  sudi 
widely  differing  gravities,  and,  moreover,  in  spite  of  the  difficulties 
attending  the  determination  of  the  specific  gravity  of  very  fine 
powders,  such  wide  differences  could  not  escape  experimental  d^ 
tection.  As  a  matter  of  fact,  determinations  carefully  carried  out 
showed  little  or  no  deviations  in  specific  gravity 

The  question  then  is,  how  are  we  to  explain  these  results?  As 
far  as  the  writer  is  aware  there  is  little  information  available  in  the 
literature  on  the  volume  relations  of  fine  powders  under  given 
pressures,  although  much  has  been  said  on  the  subject  when  it  ii 
a  question  of  a  far  larger  order  of  magnitude,  t.  e.,  in  relation  to 
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the  size  and  shape  of  broken  stone  and  pebble  in  concrete  mixtures. 
It  is  possible,  of  course,  that  the  finer  powders  enclose  voids  that 
resist  compression  more  than  do  the  coarser  and  more  angular 
particles.  Again  it  may  be  considered  that  in  the  form  of  a  solid 
cylinder,  glass  is  occupying  the  smallest  volume  it  can  occupy.  If 
the  glass  is  crushed  to  fragments  these  fragments  can  be  com- 
pressed to  a  certain  degree  by  a  given  pressure ;  if  we  break  these 
fragments  still  smaller,  the  resulting  fragments,  however  tiny,  are 
made  up  of  particles  arranged  in  more  compact  order  and  in  less 
space  than  they  could  be  arranged  again  if  once  set  free.  From 
purely  theoretical  consideration,  therefore,  we  may  say  that  in 
reducing  the  fineness  of  a  powder  we  are  approaching  an  ideal 
condition  of  unit  particles  which  can  not  be  forced  by  any  ordinarj' 
pressures  into  the  same  space  they  occupied  as  part  of  fused 
masses.  Whatever  the  proper  explanation  of  these  results  may 
be,  it  is  certain  that  an  increase  in  the  amount  of  impalpable  dust 
of  the  smallest  possible  magnitudes  apparently  decreases  the  com- 
pressibility of  the  material  by  a  given  pressure.  Turning  again 
to  the  results  on  rock  powders  we  are  led  to  the  conclusion  that 
the  driving  off  of  water  of  combination  breaks  up  the  particles  to 
a  finer  dust,  also  that  this  destruction  of  the  particles  leads  to  loss 
of  plasticity. 

As  there  were  on  hand  in  this  laboratory  a  large  number  of  thor- 
oughly air-dried  samples  of  rock  powders  and  clays,  of  which  the 
cementing  value  was  known,  it  was  decided  to  determine  the  water 
content  of  these,  with  a  view  to  seeing  if  indeed  any  relation  could 
be  traced  between  cementing  value  and  water  of  combination. 
The  determinations  were  made  by  igniting  the  powders  in  a  plati- 
num boat  contained  in  a  hard  glass  tube  and  absorbing  the  water 
set  free  in  a  weighed  sulphuric  acid  bulb-tube.  The  results  are 
contained  in  the  following  tables : 

TABtB  IV. 

Dolomites  and  Limestones, 
Cementing        Waler. 
No.  value.         Percent.  Name. 

45 1 9  0.40  Dolomite. 

665 10  0.30  Dolomite. 

537 10  0.50  Dolomite. 

663 12  0.35  Limestone. 

489 13  0.14  Calcite. 

470 16  0.48  Dolomite. 

487 26  0.38  Limestone. 
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Cementing        Water. 

No.              ▼tine.         Percent.  Name. 

343 32  0-40  Dolomite. 

515 38  0.40  Limestone. 

664 41  0.40  Limestone. 

503 54  0.58  Limestone. 

666 58  0.66  Limestone. 

347 95  0.34  Limestone. 

424 99  0.64  Limestone. 

336 158  i.oo  Limestone. 

361 158  2.26  Clay  limestone. 

462 161  1.20  Dolomite. 

377 195  1-20  Limestone. 

557 595  6.10  Clay  limestone. 

Miscellaneous  Rocks. 

Cementing  Water. 

No.              value.  Percent.  Name. 

468 2  0.00  Gneiss. 

580 2  0.43  Gravel. 

414 2  0.20  Metamorphic  silidous  rock. 

499 4  0.02  Quartzite. 

652 8  3.2  Gravel. 

451 9  0.40  Gravel. 

465* 14  0.81  Gravel. 

651 17  1.30  Gravel. 

372 25  0.56  Gneiss. 

592 41  1.50  Gravel. 

342 74  3-0O  Silicious  chert. 

536 77  0.68  Gravel. 

341 loi  4.73  Gravel. 

335 "O  1.90  Traprock. 

361 158  2.26  Calcareous  day. 

44 1 297  5. 20  Gravel  conglomerate. 

396 327  2.00  Felsite. 

534 475  5.00  Red  clay. 

398 577  2.50  Rhyolite. 

Tablk  v.— Diabasb  Trap  Rock. 

Cementing  Water. 

No.        value.  Percent.  Average. 

415 2  0.81  \  ^             .           ,           ^ 

420 6  0.81  [    Low  group    /Cementmg  value,     6.0D 

354 10  0.84)  '^'^    I  Water  content.         0.8a 

405 19  1.14^  ^ 

350 19  1.46    Middle  group  (  Cementmg  value,    25^)0 

566 38  1.45]  '^^  I  Water  content.         1.35 

357 72  1.80 

5>7 76  1.67 

467  91  2.81 

335 110  1.90 


■"*«~^  {^^^sr*'  r 
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An  inspection  of  these  results  shows  at  a  glance  that  high 
cementing  values  show  a  decided  tendency  to  accompany  a  high 
water  content.  At  the  same  time  we  see  that  there  are  several 
exceptions  revealed,  and  it  is  probable,  that  an  even  greater 
number  of  results  would  show  other  discrepancies,  as  it  is  well 
known  that  many  minerals  with  high  water  content  do  not  yield 
plastic  powders.  On  the  other  hand,  if  a  certain  kind  of  water  of 
combination  invariably  accompanies  the  plastic  condition,  this 
active  water  would  be  added  to  the  inactive  and  an  explanation 
furnished,  not  only  for  the  general  tendency,  as  shown  above,  but 
also  for  the  exceptions  to  it. 

We  have  to  inquire  what  is  meant  by  water  of  combination. 
Probably  no  term  in  chemistry  has  been  more  loosely  used  than 
this.  Ordinarily  speaking,  it  refers  to  the  water  which  is  con- 
tained in  a  substance  in  such  a  way  that  no  amount  of  drying  at 
100  C.  is  able  to  dislodge  it.  In  this  way  it  is  differentiated  from 
unbound  water  and  probably  from  hygroscopic  moisture.  Such  a 
definition,  however,  would  include  as  a  general  thing  water  of 
crystallization,  which  is  not  usually  meant  when  we  speak  of  water 
of  combination.  It  might  be  subdivided  into  chemically  bound  or 
hydroxyl  water,  and  physically  bound  or  included  water,  but  as  a 
matter  of  fact,  so  little  is  known  about  the  relation  of  water  to 
structure,  that  classification  is  at  present  impossible. 

The  question  of  opalline  or  zeolytic  water  has  been  much  dis- 
cussed^ but  recent  work  seems  to  indicate  that  the  combined  water 
in  these  cases  exists  in  a  physically  rather  than  in  a  chemically 
bound  condition.  Even  the  water  in  the  metallic  hydroxides  to 
which  we  assign  arbitrary  formulas  has  fallen  under  grave  sus- 
picion.* 

In  1893  Van  Bemmelen  began  the  publication  of  a  series  of  re- 
searches* on  the  inorganic  colloids  or  "Hydrogels".  Nearly  all 
metallic  oxides  and  many  salts  have  the  power  of  entering  into 
that  peculiar  hydrated,  non-crystalline  condition  which  Graham* 
in  1861  denominated  colloid  or  glue-like.    The  special  hydrogel 

1  See  Priedel :  Butt.  Soc.  Min.,  19,  14,  94  (1896):  alto  Compi.  Jiend.^  laa,  1006. 

'  "Die  Prage  scheint  erlaubt,  wann  endlich  in  den  Handbtichern  und  in  den  Abhand- 
langen  von  Hydraten  mit  chemischen  Pormeln  zu  spreche  aufh6ren  wird,  bei  Substan- 
sen,  die  nur  eingetrockuete  Hydrogets  sind.  So  begegnet  man,  z.  B.,  Gberall  dem  Bisen- 
oxydhydrat  mit  der  falachen  Formel  Pe^  (OH)^.  Diese  kriatalloidale  Verbindung  wurde 
noch  nie  bereitet."    V.  Bemmelen  und  Klobble :  J. prakt.  Chem.,  46,  497-539  (i^)- 

s  ZiscAr.  oHcrg.  Chem.,  9, 4^ ;  Ibid.,  13,  a^s:  I^'d.,  iS,  14 ;  /^'Vf.,  ao,  185  ;  Ibid.,  aa,  313. 

<  Phil.  Trans.  (1861).  p.  183. 
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which  Van  Bemmelen  studied  most  minutely  was  that  of  silidc 
acid,  although  his  researches  include  the  oxides  of  copper,  tin, 
iron,  alumina,  etc.,  etc.    As  a  result  of  these  extensive  investiga- 
tions the  author  cited  adopts  the  suggestion  of  Nageli  of  the 
micellian  structure  of  colloids,  that  is  to  say,  that  these  curioas 
substances  consist  of  heterc^eneous  molecular  complexes  whidi 
possess  a  submicroscopical,  web-like,  porous  formation,  one  of  the 
distinguishing  characteristics  of  which  is  the  peculiar  relation  to 
and  dependency  upon  water  which  they  exhibit.     The  water  con- 
tent of  these  hydrogels  varies  continually  with  the  temperature  and 
the  vapor-pressure  of  the  atmosphere  in  which  they  find  themselves. 
Dried  at  high  temperatures  up  to  a  certain  critical  point,  they  will 
loose  nearly  all  their  water,  only  to  take  it  back  again  eagerly  when 
allowed  to  cool  in  free  air  or  in  moist  atmospheres.     This  dehydra- 
tion and  rehydration  can  be  repeated  indefinitely  unless  the  tem- 
perature of  drying  is  carried  too  high,  when  the  faculty  is  grad- 
ually lost  and  finally  destroyed.     We  have  here  to  do  with  a  cer- 
tain kind  of  water  of  combination  which,  following  Van  Bem- 
melen, we  shall  denominate  micellian  water.     It  is  just  as  much  a 
characteristic  of  the  plastic  or  colloid  condition  as  water  of  crystal- 
lization is  a  characteristic  of  many  crystals,  although  just  as  we 
may  have  in  certain  cases  crystal  water  replaced  by  alcohol  or 
ether,  etc.,  of  crystallization,  we  can  have  the  water  in  these  col- 
loids replaced  by  organic  liquids,  yielding  alkogels,  sulphogels, 
glycerogels,   acetogels,   etc.     Further  than   this,   all   the  recent 
work  that  has  been  done  on  the  occlusion  of  solids  by  colloids 
points  to  the  fact  that  water  can  be  replaced  by  numbers  of  other 
substances.    Even  solids  seem  to  be  absorbed  into  the  micellian 
structure,  but  this  leads  up  to  the  question  of  solid  solutions,  a  sub- 
ject too  large  for  discussion  in  the  present  paper. 

Van  Bemmelen  has  shown  that  this  inhibited  or  micellian  water 
differs  from  hygroscopic  water  in  the  ordinary  sense  of  that  word. 
Micellian  water  is  absorbed  into  the  structure  of  the  particles  of  a 
powder  of  an  inorganic  hydrc^el  without  changing  the  physical 
appearance,  even  under  the  microscope.  Hygroscopic  water  is 
usually  adsorbed  on  the  particles,  producing  a  distinct  appearance 
of  wetness.  Heating  does  not  usually  destroy  the  hygroscopic 
qualities  of  a  substance;  it  invariably  destroys  the  absorptive 
power  of  the  micellian  structure,  if  pushed  far  enough. 
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It  is  not  the  purpose  of  this  paper  to  review  the  work  that  has 
been  done  on  colloids.  A  good  bibliography  of  the  whole  subject 
has  been  given,  up  to  1901  by  Whitney  and  Ober.*  The  im- 
mediate object  is  to  call  attention  to  certain  significant  qualities 
which  are  shared  in  common  by  such  inorganic  hydrogels  as  silicic 
acid,  and  ferric  hydroxide  on  the  one  hand,  and  plastic  clays  and 
rock  powders  on  the  other.  Both  contain  combined  water ;  both 
lose  water  on  heating,  and  take  it  up  again  on  cooling  in  moist 
atmospheres  (see  curves  in  Fig.  i).     Both  gradually  lose  this 
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Fig.  I. 


power  on  continued  heating  at  high  temperatures,  and  finally  lose 
it  entirely,  together  with  plasticity,  if  the  heating  is  pushed  far 
enough.  Very  highly  plastic  clays  and  rock  powders,  after  work- 
ing up  with  water,  usually  shrink  and  deform  on  drying  out ;  this 
quality  is  also  universally  noted  in  the  case  of  the  hydrogels. 
Silicic  acid  which  has  been  air-dried  can  have  water  pressed  out 
of  it  by  subjecting  it  to  very  high  pressures ;  the  same  phenomenon 
is  known  in  the  case  of  clays  in  the  manufacture  of  hydraulic 
pressed  brick.  It  has  been  frequently  claimed  that  the  cause  of 
plasticity  is  to  be  sought  in  the  aluminum  silicate  (kaolin)  which 
forms  the  essential   ingredient  in  all  clays.     The   following  is 

»  Loc.  cH. 
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quoted  from  a  late  writer  on  the  subject.*  "Based  on  the  work  of 
various  chemists,  on  that  of  investigators,  using  the  microscope, 
with  high  powers,  and  on  the  physical  experiments  of  Le 
Chatelier,  it  may  now  be  said  to  have  been  established,  that  there 
are  various  hydrous  silicates  of  aluminum,  which  differ  in  the 
proportion  in  which  the  elements  are  combined,  and  in  forai  and 
structure,  some  being  colloid  or  amorphous  and  others  crystalline." 

G.  H.  Cook,*  a  high  authority  on  clays,  writing  in  1878  and  de- 
scribing his  microscopical  examinations,  says :  "S<»ne  clays  appear 
to  consist  of  well-defined  crystalline  forms ;  others  show  a  few  of 
these  in  a  mass  of  fragmentary  shapes ;  others  still  seem  to  be 
wholly  made  up  of  irregular  forms  and  exceedingly  fine  partides 
of  matter."  Cook  then  calls  attention  to  the  fact  that  highly 
plastic  clays  are  in  the  latter  class  and  finally  includes  this  very 
suggestive  sentence ;  "We  know  that  in  some  of  the  metals  a  ten- 
dency to  crystallization  reduces  their  tensile  strength— most 
notably  in  the  case  of  iron;  and  it  may  be  that  the  crystalline 
structure  of  clay  is  somewhat  analogous  to  the  metals.  Thus  far 
there  seems  to  be  a  close  correspondence  between  this  [non- 
crystalline] state  or  condition  and  the  property  of  plasticity,  and 
it  appears  to  be  a  reasonable  explanation  consistent  with  most  if 
not  all  the  facts/' 

If  indeed  plasticity  is  a  question  of  a  coUdid  condition  of  the 
particles,  it  seemed  that  plastic  clays  and  rock  powders  ought  to 
show  the  same  peculiar  relation  to  water  as  is  shown  by  the 
hydrogels,  and  in  a  diminishing  degree  as  the  plasticity  diminishes. 

In  order  to  study  the  subject,  a  special  form  of  furnace  was  de- 
vised that  could  be  heated  by  a  blast-lamp  to  any  desired  temper- 
ature up  to  1 100**  C.  The  temperatures  were  measured  by  means 
of  a  Le  Chatelier  platin-rhodium  pyrometer.  No  difficulty  was 
experienced  in  maintaining  the  temperatures  constant  to  within  a 
few  degrees.  The  mode  of  procedure  was  as  follows:  Exact, 
2  gram  samples  of  the  various  substances  were  heated  in  the  fur- 
nace for  exactly  one  hour,  cooled  in  a  desiccator  over  concentrated 
sulphuric  acid  for  one  hour,  weighed  as  quickly  as  possible  and 
finally  exposed  under  a  large  bell-jar  over  dilute  sulphuric  acid  (24 
per  cent.)  which  had  a  vapor-pressure  of  about  18  mm.  at  24**  C 
At  this  vapor-pressure,  water  does  not  adsorb  on  the  surface  of 

1  I«add  :  Clay  /Record,  15,  10. 

*  Loe.  cii.^  pp.  267,  3S8. 

*  I«andolt  and  Bdrnstein :  **  TabeUen.*'  Bd.  1894.  p.  65. 
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glass  or  the  particles  of  a  powder  so  that  all  gains  in  weight  are 
a  true  measure  of  affinity  for  water.  As  nearly  as  possible,  the 
bell-jar  was  kept  at  a  constant  temperature  during  the  experi- 
mentSy  but  when  any  considerable  variation  occurred,  corrections 
were  made  to  the  results.  The  silicic  acid  hydrogel  was  prepared 
by  neutralizing  sodium  silicate  with  dilute  hydrochloric  acid,  and 
washing  the  jelly  by  dialysis  until  the  salt  wais  entirely  removed. 
The  pure  jelly  was  dried  to  a  certain  point  on  the  steam-bath  and 
finally  allowed  to  air-dry.  The  resulting  white  powder,  which  had 
every  physical  appearance  of  being  dry,  was  found  to  contain  about 
20  per  cent,  of  water.  The  hydrogels  of  iron,  alumina  and  mag- 
nesia were  precipitated  by  dilute  solutions  of  soditmi  hydroxide, 
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thoroughly  washed  by  decantation  and  finally  air-dried.  Finally 
three  samples  of  clay  were  selected  for  comparison.  Clay  No.  i 
was  highly  plastic,  clay  No.  2  less  so,  and  clay  No.  3  contained  an 
unusual  amount  of  calcium  carbonate.  The  results  of  the  experi- 
ments are  graphically  shown  in  Figs,  i  and  2.  On  the  horizontal 
axes,  the  temperatures  of  the  heats  in  the  furnace  are  shown,  and 
on  the  vertical  axes,  the  regain  weights  after  one  hour's  exposure 
in  the  bell-jar.  The  curves  of  Fig.  i  indicate  that  identically  the 
same  peculiar  power  of  absorbing  water,  which  is  gradually  de- 
stroyed by  heating,  is  possessed  by  clays  and  colloids.  The  differ- 
ence is  merely  in  degree.  In  Fig.  2  we  have  the  curves  for 
alumina  and  magnesia  compared  with  that  obtained  from  a  calca- 
reous clay  of  low  fusing-point  which  contained  30.75  per  cent,  of 
calcium  carbonate.  These  curves  never  descend  to  the  zero-point. 
No  amount  of  heating  will  destroy  the  power  of  lime,  magnesia 
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and  alumina  to  take  up  water  again.  Whatever  theory  we  may 
hold  as  to  the  relation  of  water  to  these  substances  in  the  process 
of  "slakinf!^'  it  is  quite  certain  that  it  is  an  altof^^ether  different 
phenomenon  from  the  process  which  f(oes  on  when  water  is  ab- 
sorbed into  the  peculiar  structure  of  a  colloid.  Table  VI  presents 
a  series  of  observations  made  on  a  number  of  different  samples  in 
which  the  temperature  of  the  heats  was  constant  and  the  cementing 
values  and  the  percentage  of  regain  are  the  variables. 


Tablb  VI. 

cementing 

I<OM percent  inairttitflin. 

sample  No. 

Name. 

value. 

at  900. 

v.t 

534 

CUy 

595 

2.31 

a.09 

557 

CUy 

475 

I.OO 

0.75 

361 

Clay  limestone               158 

0.40 

0.40 

335 

DUbaae 

no 

0.30 

0.18 

517 

Diabase 

76 

0.43 

0.43 

566 

Diabase 

38 

0.17 

0.13 

499 

Quartdte 

4 

0.07 

0.03 

570 

Gravel 

2 

0.08 

0.04 

468 

Gneiss 

z 

0.04 

0.00 

The  results 

are  shown 

graphically  in 

Fig.  3. 

the  cementing 

ZM 

n 

/fUS 

/ 

I.OJB 

y 

//M 

iVA 

./ 

/IrV 

^ 

-^ 

as% 

A 

/ 

^ 

/ 

\r 

m 


Z09 


300 


s^ 


600 


values  being  plotted  on  the  horizontal,  and  the  regain  percentages 
on  the  vertical  axis.  The  tendency  of  low  regains  to  accompany 
low  plasticity  in  these  cases  is  undoubted,  although  the  curve  is 
by  no  means  regular.  Good  reasons  for  irregularities  are  not  hard 
to  find ;   in  the  first  place,  impact  testing,  though  it  may  be  the 
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best,  is  not  a  perfect  measure  of  cementing  value  and  is  subject  to 
considerable  error.  In  the  second  place,  it  is  freely  admitted  that 
other  influences  such  as  shape  and  size  of  particles,  solubility  of 
ingredients,  the  ratio  of  plastic  to  non-plastic  material  present, 
etc.,  may  come  into  play. 

A  question  that  naturally  arises  is  how  are  we  to  account 
for  the  well-known  high-binding  powers  of  many  homogeneous 
crystalline  rocks  such  as  limestones  and  dolomites.  Reference  to 
Table  IV  shows  a  wide  range  in  cementing  value  for  this  class  of 
material.  As  a  matter  of  fact,  pure  calcium  carbonate  has  no 
cementing  value  whatsoever ;  this  quality  i&  provided  by  certain 
hydrated  impurities  such  as  silica,  ferric  oxide  or  even  clay.  The 
amount  of  these  impurities  need  not  necessarily  be  very  large,  but 
the  distribution  throughout  the  mass  is  probably  of  a  very  intimate 
nature.  It  has  long  been  known  to  practical  road  builders  that  the 
binding  power  of  many  rocks  increases  as  time  goes  on,  under  the 
combined  influence  of  the  action  of  traflic  and  water.  Every  potter 
knows  that  the  plasticity  of  clay  increases  under  the  action  of 
kneading  and  working  with  water.  In  some  industries,  clay  mix- 
tures are  stored  away  for  considerable  periods  under  wet  blankets. 
This  process  is  called  "sweating"  and  is  believed  to  be  very  bene- 
ficial. It  has  lately  been  suggested  that  bacterial  fermentations 
are  responsible  for  the  improvement  in  the  quality  of  clays  under 
such  treatment.  The  writer  has  no  data  on  this  subject  but  it  is 
well  known  that  many  of  the  nitrifying  bacteria  flourish  in  media 
composed  of  inorganic  colloids,  which  suggests  that  the  presence 
of  bacteria  may  be  a  concomitant  rather  than  the  cause  of  improve- 
ment. Experiments  in  the  laboratory  have  shown  that  the 
cementing  value  of  briquettes  is  increased,  if  the  dough  made  from 
a  rock  dust  is  allowed  to  stand  for  some  time  before  being  molded, 
and.it  is  still  more  increased,  if  the  dough  is  kneaded.  This  is 
plainly  shown  by  the  results  of  a  sample  of  dolomite  that  had  an 
analysis  as  follows:  CaCOj,  54.30;  MgCOg,  36.20;  combined 
water,  048;  silica,  3.00;  iron  and  alumina,  etc.,  7.00.  This 
dolomite  is  a  celebrated  road-building  material  in  the  locality  in 
which  it  is  found  and  its  most  marked  characteristic  is  the  way 
that  its  binding  power  increases  after  it  has  been  upon  the  road  for 
some  time.  In  the  following  table,  the  rock  dust  was  mixed  with 
water  and  briquettes  made  at  separate  intervals;  finally  a  new  lot 
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of  dust  was  made  to  a  dough  and  well  kneaded  by  hand  for  one 
hour. 

Tabw  VII. 

Time.  Cementiiig  valve. 

At  once i6 

Dough     4  hoars  old 50 

24     "       •' 81 

72     "       "  79 

96      "       ••  77 

120     *•       "  79 

144      "       "  83 

Sdaky 81 

kneaded  I  hour 190 

In  summarizing  the  results  as  presented  in  this  paper  it  may  be 
said  that  it  has  been  pointed  out :  ( i )  That  the  cementing  power 
of  rock  powders  is  a  property  similar  to  the  plasticity  of  days. 
(2)  That  all  rock  powders  that  have  cementing  power  show  4c 
same  peculiar  relation  to  water  that  is  shown  by  substances  that 
possess  an  amorphous  colloid  structure,  1.  e.,  they  can  be  ddiy- 
drated  and  rehydrated,  until,  by  prolonged  high  heating,  the  struc- 
ture is  destroyed. 

It  is  not  the  intention  of  the  writer  to  maintain  that  the  gir 
atinous  mass  in  which  silicic  acid  separates  from  a  dilute  solution 
is  in  any  way  comparable' to  a  plastic  clay  mass.  The  question  is 
purely  one  of  the  condition  of  the  particles  which  go  to  make  up 
the  mass  of  plastic  rock-powder  or  clay.  In  the  opinion  of  the 
writer,  particles  which  are  entirely  crystalline  in  their  nature  have 
nothing  to  do  with  plasticity  except  to  act  as  a  diluent.  It  is  the 
amorphous  particles  which,  by  reason  of  their  characteristic  struc- 
ture, are  able  to  absorb  water  and  assume  the  condition  whid 
causes  them  to  exhibit  that  coherence  which  in  the  mass  we  dt- 
nominate  plasticity. 

A  series  of  clays  which  is  at  present  being  studied  in  this  labor* 
atory  according  to  the  methods  already  described  for  obtaining 
the  curves  of  Fig.  i,  has  given  results  which  go  to  show  that  the 
more  plastic  a  clay  the  more  it  exhibits  the  peculiar  absorptive 
power.  Before  publishing  the  results,  it  will  be  necessary,  how- 
ever, to  collect  evidence  from  a  great  number  of  different  kinds  of 
clays.  To  that  end  the  writer  will  be  grateful  to  any  one  who  will 
send  samples  to  this  laboratory  for  ccHnparison  and  study. 

Road  Matbxzai.  Z<abo&atort,  Bxt&sau  of  CHsicztniT,  DBPAmTioniT 
or  AoRzcuLTURB,  WAaHiifOTON,  D.  C,  PcbrvAry  141 X90S- 


THE  SOLUBILITY  OF  THE  CHLORIDE,  THE  BROMIDE,  AND 
THE  IODIDE  OF  LEAD.  IN  WATER,  AT  TEM- 
PERATURES FROM  0«  UPWARD. 

By  D.  M.  Ijchty. 

Rec«lr«d  Much  5, 1903. 

The  solubility  of  lead  chloride  at  25**,  as  given  by  von  Ende/  is 
38.8  milligram-molecules  or  10.678  grams  per  liter  of  solution,  and 
therefore  somewhat  higher  in  1000  grams  of  water.  Ditte*  gives 
the  solubility  in  1000  grams  of  water  as  8  grams  at  o®,  11.8  at  20**, 
17  at  40°,  21  at  ss"",  and  31  at  80''.  The  solubility  was  found  to 
be  higher  at  20"*  than  von  Ende  found  it  at  25**.  According  to 
Bell,*  the  solubility  at  16.5**  is  9.503  grams*  in  1000  of  water, 
while  the  solubility  at  the  same  temperature  based  on  Ditte's  re- 
sults is  about  1 1  grams  in  1000  of  water.  The  data  on  the  solu- 
bility of  the  bromide  and  the  iodide  being  even  less  satisfactory, 
the  writer  undertook  to  determine  the  solubility  of  these  three 
salts  at  different  temperatures  from  o**  upward.  The  purity  of  the 
salts  used  is  attested  by  the  results  of  analysis  given  later.  Very 
pure  water,  such  as  is  used  in  electric  conductivity  work,  was  em- 
ployed. 

The  saturated  solutions  were  prepared  by  making  approximately 
saturated  solutions  at  a  higher  temperature  (generally  by  10**) 
than  the  one  at  which  the  solubility  was  to  be  determined,  and  then 
placing  these  solutions  in  a  bath  at  the  desired  temperature  for 
about  six  hours.  The  considerable  quantity  of  larger  crystals 
which  always  formed  over  the  smaller  crystals  left  undissolved  in 
the  bottom  of  the  flask,  served  to  show  that  the  solutions  had 
really  been  supersaturated  with  respect  to  the  temperature  of  meas- 
urement. The  flasks  used  for  making  the  solutions  had  a  capacity 
of  250  cc.  and  were  immersed  to  the  lip  in  the  bath  and  stoppered. 
From  these,  calibrated  glass-stoppered  flasks  (capacity  100  cc.) 
which  were  brought  to  the  working  temperature  by  weighing  and 
immersing  in  the  bath,  were  filled  to  a  point  slightly  above  the 
mark  by  means  of  a  siphon  and  rubber  bulb.  After  a  few  minutes, 

>  Ztsckr.  anovjc.  Ckem.,  a6, 134  (1901). 

•  Compt.  Pernio  pj,  718. 
«  Ckem.  Ntws,  16,  69. 

*  A  saturated  lolutioii  of  lead  chloride  contains  0.9414  per  cent,  of  the  Milt  at  16.5^.  is 
the  substance  of  Bell's  sUtement. 
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the  solutions  were  carefully  brought  to  the  mark  by  means  of  a 
pipette.  The  flasks  and  their  contents  were  then  rapidly  brought 
to  the  temperature  of  the  room,  dried  and  weighed,  after  which 
the  solutions  were  transferred  to  weighed  platinum  dishes,  evapo- 
rated and  then  dried  at  i8o**  for  several  hours.  The  evaporation 
proved  very  tedious,  owing  to  the  fact  that  on  the  surface  of  the 
solutions  there  collected  a  very  thin  film  of  crystals  through  which 
burst  gas  bubbles  rising  from  the  bottom  of  the  dishes,  thus  caus- 
ing a  small  amount  of  the  salt  to  be  thrown  out,  which  could  be 
prevented  only  by  very  frequent  stirring  until  the  solutions 
were  from  one-half  to  three-fourths  evaporated. 

The  measuring  flasks  were  calibrated  either  at  20°  or  25®,  andat 
all  other  temperatures  corrections  were  made  for  either  expansion 
or  contraction.  Each  weight  of  solution  was  reduced  to  weight 
in  vacuo,  while  the  weight  of  the  salt  was  not,  the  correction 
amounting  at  most  to  only  0.2  milligram.  The  data  were  reduced 
to  solubility  in  grams  and  milligram-molecules  per  liter  of  solution 
and  to  grams  and  milligram-molecules  per  100  grams  of  water. 
The  densities  compared  with  water  at  4**  C.  were  also  calculated. 

The  flasks  chosen  for  measuring  the  solutions  had  necks  of  such 
diameter  that  a  length  of  10  mm.  had  a  capacity  of  about  0.6  gram 
of  water  at  25°  or  6  milligrams  per  o.i  mm.,  so  that  the  meniscus 
could  be  adjusted  to  i:  10  milligrams  or  i  part  in  10,000  for  water, 
and  to  a  but  slightly  larger  quantity  for  the  solutions,  whose  den- 
sities did  not  differ  much  from  the  density  of  water. 

Below  45°  the  temperatures  were  maintained  within  less  than 
0.1°,  for  45°  and  55°  to  about  o.i**,  for  65**  and  So**  within 
0.2°,  and  for  95**  within  0.3°,  the  correct  temperature  being  deter- 
mined by  means  of  a  standardized  instrument,  whose  o**  and  100' 
points  had  not  measurably  altered  since  the  standardizing. 

Akai^ysis  op  Salts. 

Grmm. 

Lead  chloride  taken 0.3848 

Silver  chloride  obtained ©•397o 

Silver  chloride  calculated 0.3971 

Lead  bromide  taken 0.4468 

Silver  bromide  obtained 0.4572 

Silver  bromide  calculated 0.4576 

Lead  iodide  taken 0.3462 

Silver  iodide  obtained 0.2507 

Silver  iodide  calculated 0.2510 
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Tabi«b  I.—Solubiuty  of  Lead  Chloride  in  Milligram-Molecules. 


Tenper- 

Milligram-molecule  per 

MiIligT«m-molecule  per 

Density ; 
to  wate 

referred 

ttture. 

IOC  cc.  solntion. 

100  grams 

water. 

rato-'. 

0** 

2.428 

.... 

2.428 

.... 

1.00666 

.... 

0« 

2.415 

2.421 

2.415 

2.421 

1.00665 

1.00665 

15* 

3.266 

.... 

3.273 

.... 

1.00695 

.... 

15^ 

3264 

3265 

3.271 

3.272 

1. 00691 

1.00693 

25* 

3.878 

.... 

3.905 

.... 

1.00726 

.... 

25" 

3887 

3.882» 

3.901 

3.903 

1.00724 

1.00725 

35^ 

4.734 

.... 

4.768 

.... 

1.00602 

.... 

35** 

4.732 

4.733 

4.766 

4.767 

1.00598 

1.00600 

45^ 

5.580 

.... 

5.646 

.... 

1.00417 

.... 

45** 

5.578 

5.579 

5.642 

5-644 

1.00429 

1.00423 

55^ 

6.484 

.... 

6.553 

.... 

1.00206 

.... 

55" 

6.488 

6.486 

6.594 

6.573 

1.00195 

1.00200 

65" 

7.498 

.... 

7.655 

.... 

0.99938 

.... 

65" 

7.482 

7.490 

7.64? 

7.651 

0.99928 

0.99933 

8o* 

9.149 



9.439 

.... 

0.99465 

. .  .\ 

8o« 

9.152 

9.150 

9.440 

9-439 

0.99484 

0.99474 

95** 

10.931 

.... 

11.395 

.... 

098962 

.... 

95** 

10.922 

10.926 

"393 

11.394 

0.98921 

0.98941 

I00« 

... 

11.52 

.... 

12.01 

.... 

.... 

Tabi,k  II.— :Solubility  of 

Lead  Bromide  in  Milligram-Molecules. 

Temper- 

Millignm-molecule  per 

Milligram-molecule  per 

Density  referred 

Atore. 

100  cc.  of  solution. 

IOC  grams 

of  water. 

to  water  at  cP. 

0*» 

1.242 

.... 

1.242 



1.00435 

.... 

0« 

I.241 

1. 241 

I.241 

I.241 

1.00431 

1.00433 

15" 

1.990 

.... 

1.991 

.... 

1.00525 



15" 

1.985 

1.987 

1.988 

1.989 

1.00536 

1.00530 

25- 

2.648 

.... 

2.658 

.... 

1.00617 

.... 

25" 

2.644 

2.646S 

2.652 

2.655 

1.00599 

1.00608 

35" 

3.589 

.... 

3.615 

.... 

1.00587 

.... 

35" 

3.566 

3.577 

3.592 

3-603 

1.00609 

1.00598 

45" 

4.704 

.... 

4.758 

.... 

1.00601 

.... 

45" 

4.706 

4.705 

4.763 

4.760 

1.00586 

1.00593 

55" 

5.743 

.... 

5.840 



1.00449 

.... 

55° 

5.719 

5.731 

5.814 

5.827 

1. 0046 1 

1.00455 

65" 

6.870 

.... 

7.027 

.... 

1.00284 

.... 

65" 

6.849 

6.859 

7.006 

7.016 

1.00281 

1.00282 

8o« 

8.812 

.... 

9.107 

.... 

1.00000 

.... 

80° 

8.826 

8.819 

9.120 

9.113 

I.OUO07 

I.OUO03 

95" 

11.387 

.... 

11.890 

.... 

0.99948 



95" 

11.386 

11.386 

11.890 

11.890 

0.99945 

0.99946 

100** 

.... 

12.40 

.... 

12.94 

.... 

.... 

>  Von  Snde,  38.8  per  liter. 

*BycztnpolAtkm, 

■eePic.1. 

>  Von  Ende,a6.a6  per  liter. 

*  By  cxtnipolation, 

■ee  Fif .  X. 
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Tablb  III.— Solubility  op 

Lead  Iodidb  in  Milligram-Molbcdui 

Temper- 

MilUgram-molccule per 

Density  referred 

ature. 

lOOCC 

of  Bolution. 

100  grams 

of  water. 

to  water  at  oP. 

o«> 

0.096 

.... 

0.096 

.... 

1.00057 

•  I*. 

o« 

0.096 

0.096 

0.096 

0.096 

1.00055 

LOOQS^ 

15^ 

0.132 

.... 

0.132 

.... 

0.99982 

.... 

15° 

0.134 

0.133 

0.134 

0.133 

0.99984 

0.99983 

25° 

O.X66 

.... 

0.166 

.... 

0.99801 

.... 

25° 

0.165 

0.165' 

0.165 

0.166 

0.99795 

O.9979B 

35° 

0.224 

.... 

0.225 

.... 

0.99498 

.... 

35° 

0.225 

0.224 

0.227 

0.226 

0.99518 

0.99508 

45° 

0.313 



0.316 

.... 

0.99158 

.... 

45° 

0.312 

0.312 

o.3>5 

0.315 

0.99149 

o.99»53 

55° 

0.374 



0.380 



0.98729 

.... 

55° 

0.374- 

0.374 

0.382 

0.381 

0.98717 

0.98723 

65° 

0.465 



0.474 

.... 

0.98264 

.... 

65° 

0.464 

0.464 

0.473 

0.473 

0.98272 

0.98268 

8o« 

0.636 



0.655 

.... 

0.97450 

.... 

So' 

0.639 

0.637 

0.657 

0.656 

0.97454 

0.9745* 

95° 

0.829 

.... 

0.860 

.... 

0.96689 

.... 

95° 

0.827 

0.828 

0.853 

0.859 

0.96730 

0.96709 

IOO*»« 

.... 

0.895 



0.927 

.... 

.... 
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A  comparison  of  the  data  in  the  three  foregoing  tables  will  at 
once  show  that  the  solubility  curves  based  on  milligram-molecules 
in  100  cc.  of  solution  and  those  based  on  milligram-molecules  in 
100  grams  of  water  will  be  similar,  the  latter  turning  a  little  far- 


1  Von  Bnde,  1.59  per  liter. 
s  By  ertrapolatiou,  aee  Pig.  i. 
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ther  away  from  the  temperature  axis  than  the  former;  it  was 
consequently  deemed  sufficient  to  draw  the  curves  for  the  former. 
Either  the  data  or  the  curves  show  that  at  the  lower  temperatures 
the  molecular  solubility  of  the  bromide  is  less  than  that  of  the 
chloride,  but  that  the  solubility  of  the  former  increases  more 
rapidly  with  the  temperature  than  does  that  of  the  latter,  and  that 
the  solubilities  are  the  same  between  80*  and  95**.  The  curves 
show  that  the  temperature  of  common  solubility  is  88.5**  and  the 
solubility  10.15  milligram-molecules.  The  solubility  of  the  iodide 
is  decidedly  less  than  that  of  either  of  the  other  salts,  not  reaching, 
even  at  100°,  the  same  value  as  that  of  the  bromide  at  o**. 
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Tablb  IV.— Solubility  by  Wbight. 

Chloride.  Bromide.  Iodide. 

Temper-  Grams  in  loo  Grams  in  loo  Grams  in  loo  Grams  in  too  Grams  in  loo  Grsai  in  leo 
ature.      cc.  solution,  grams  water  cc.  solution,  grams  water,  cc.  solution,  gramswatcr. 

0.4554 
0.7285 
0.9701 
I.3124 

1-7259 
2.1024 
2.5161 
32350 
4.1767 
4550 

At  Q^  the  solubility  of  the  chloride  by  weight  is  about  one  and 
one-half  times  that  of  the  bromide;  at  35^,  their  solubilities  are 
practically  equal  and  at  95  **  that  of  the  chloride  is  about  three- 
fourths  of  that  of  the  bromide. 

Dbpartkbnt  op  Gbnbral  Chbmistrt.  Univbrsftt  op 
MicBiOAN,  Ann  Arbor,  Micb.,  March,  1903. 


oo 

0.6728 

0.6728 

15^ 

0.9070 

0.9090 

25° 

1.0786 

1.0842 

35« 

1.315 

r.3244 

45" 

1.5498 

1.5673 

55" 

1.8019 

1.8263 

65" 

2.0810 

2.1265 

8o« 

2.5420 

2.6224 

95" 

3.0358 

3.1654 

I0O« 

3.208 

3.342 

0.4554 

0.0442 

ox>442 

0.7305 

0.0613 

0.0613 

0.9744 

0.0762 

ao764 

1.3220 

0.1035 

0.1042 

1.7457 

0.1440 

0.1453 

2.1376 

0.1726 

0.1755 

2.5736 

0.2140 

0.2183 

3.3430 

0.2937 

0.3023 

4.3613 

0.3814 

0.3960 

4.751 

0.420 

0.436 

THB  CARBOHYDRATE  GROUP  IN  THE  PROTEIN 
nOLECULE.' 

By  Tbomas  B.  Osbornb  and  Isaac  P.  Harris. 

Receired  February  as.  1903. 

It  HAS  been  known  for  some  time  that  certain  complex  sub- 
stances found  in  animal  organisms,  when  decomposed  with  acids, 
yielded  protein  and  carbohydrate  bodies,  together  with  other 
products.  These  substances,  known  as  mucins,  mucoids,  chondro- 
proteids,  nucleins,  hyalogen  substances,  etc.,  are  generally  re- 
garded as  compounds  in  which  the  protein  is  united  with  some 
other  complex  organic  group  of  which  this  carbohydrate  is  a  part. 
Although  several  investigators  long  ago  suggested  the  possible 
presence  of  a  carbohydrate  group  in  the  protein  molecule  proper, 
no  evidence  of  weight  supported  this  view  until  Pavy,*  by  hydro- 
lyzing  coagulated  ovalbumin,  obtained  a  solution  from  which  he 
prepared  aaosazone  with  a  melting-point  near  that  of  glucosazone. 
In  consequence  of  this  discovery,  Pavy  concluded  that  his  investi- 
gations brought  "the  extensive  group  of  proteids  of  both  the  ani- 
mal and  vegetable  kingdoms  of  nature  into  the  class  of  glucosides." 

This  announcement  of  Pavy's  led  to  numerous  investigations 

>  By  extrapolation,  lee  Pig.  a. 

*  Prom  the  laboratory  of  the  Connecticut  Agricultural  Experiment  Station. 

•*•  Physiology  of  the  Carbohydrates." 
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followed  by  many  contradictory  statements  respecting  the  presence 
of  the  carbohydrate  group  in  the  protein  molecule  proper.  It  has, 
however,  been  definitely  proved  that  several  of  the  animal  proteins 
which  are  not,  at  present,  considered  to  be  compounds  of  protein 
with  non-protein  substances,  yield  carbohydrate  which  has  bedi 
identified  with  chitosamine,  conalbumin,  the  globulins  of  egg 
white  and  of  egg  yolk.  Chitosamine  has  been  obtained  from 
crystallized  ovalbumin,  serum  albumin,  and  an  osazone  from  the 
mixed  globulins  of  the  blood  serum.  From  no  other  "simple" 
protein,  so  far  as  we  can  find,  is  it  certain  that  carbohydrate  has 
been  directly  obtained. 

The  presence  of  a  carbohydate  group  in  the  protein  molecule  is, 
however,  generally  assumed,  because  it  is  commonly  supposed  that 
all  proteins,  casein  excepted,  give  Molisch's  reaction.  This  is  a 
furfurol  reaction  of  great  delicacy  and  is  given  by  minute  quanti- 
ties of  all  carbohydrates  when  decomposed  with  strong  sulphuric 
acid,  even  though  they,  like  the  hexoses,  yield  but  a  small  propor- 
tion of  furfurol.  As  Molisch's  reaction  has  been  applied  to  only 
a  few  of  the  vegetable  proteins,  we  have  tested  a  series  of  them  in 
order  to  see  if  they,  like  the  animal  proteins,  would  all  give  this 
reaction. 

We  have  also  attempted  to  determine  quantitatively  the  amount 
of  furfurol  which  these  proteins  yield,  by  boiling  them  with  hydro- 
chloric acid  (sp.  gr.  1.06),  collecting  the  distillate  and  precipita- 
ting with  phloroglucin  in  the  usual  way.  The  aniline  acetate  test 
was  also  applied  to  the  distillate,  in  order  to  detect  any  minute 
quantities  of  furfurol  which  it  might  contain.  The  results  of  these 
experiments  are  given  in  the  following  table,  in  which  the  proteins 
are  arranged  as  far  as  possible  in  the  order  of  the  intensity  of  the 
Molisch  reaction  which  they  gave  under  practically  the  same  con- 
ditions, which  were  the  following : 

Ten  milligrams  of  the  protein  were  suspended  in  i  cc.  of  water, 
2  drops  of  a  15  per  cent,  alcoholic  solution  of  <Y-naphthol  wiere 
added,  and  then  3  cc.  of  concentrated  sulphuric  acid. 

This  method  yields  only  approximately  comparative  results  but 
is  sufficient  to  show,  in  a  general  way,  the  relative  intensity  of  the 
reaction. 

Those  proteins  which  gave  no  Molisch  reaction  were  also  tested 
in  larger  quantity,  but  with  perfectly  negative  results. 

The  outcome  of  these  experiments  was  as  follows : 
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It  is  to  be  noted  that  several  of  these  proteins  gave  no  reaction 
whatever*  and  therefore  contain  no  carbohydrate;  that  a  larger  num- 
ber gave  only  a  slight  reaction,  which,  in  view  of  the  great  delicacy 
of  Molisch's  test,  must  be  attributed  to  a  slight  contamination  of 
the  preparation  with  some  carbohydrate ;  that  the  rest  gave  posi- 
tive reactions,  some  even  stronger  than  was  given  by  ovalbumin, 
which  is  known  to  contain  a  considerable  amount  of  carbohydrate. 
From  this  we  conclude  that  these  latter  may  possibly  contain  a 
carbohydrate  group.  None  of  the  proteins  yielded  any  furfurol 
when  boiled  with  hydrochloric  acid,  except  ovalbumin,  which 
showed  a  trace,  and  none  of  these,  therefore,  contain  a  measurable 
proportion  of  any  pentose-yielding  group.  After  these  tests  had 
been  made,  Grund*  published  the  results  of  similar  attempts  to 
obtain  furfurol  from  animal  proteins,  but  with  the  same  negative 
results.  Whether  those  proteins  which  do  not  yield  an  osazone 
but  which  give  a  strong  Molisch  reaction  actually  contain  a  carbo- 
hydrate group  cannot  thus  be  determined.  Molisch's  reaction  is 
of  such  extreme  delicacy  that  mere  traces  of  carbohydrate  are 
sufficient  to  cause  a  strong  reaction,  especially  if  these,  like  the 
pentoses  and  nucleic  acids,  yield  large  proportions  of  furfurol 
when  hydrolyzed  by  acids. 

In  order  to  determine  the  intensity  of  this  reaction  with  small 
quantities  of  carbohydrates,  we  tried  the  following  experiments : 

Cellulose, — 0.5  milligram  of  filter-paper  gives  a  very  powerful 
reaction,  much  more  intense  than  was  given  by  any  of»the  proteins 
tested. 

Hexose. — o.i  milligram  of  dextrose  gave  as  strong  a  reaction  as 
those  marked  strong  in  the  table. 

Pentose. — o.i  milligrapi  of  arabinose  gave  a  strong  reaction; 
0.05  milligram  a  decided  one. 

Furfurol. — o.oi  milligram  gave  a  strong  pink. 

Nucleic  Acid. — 0.5  milligram  of  nucleic  acid  gave  a  strong  re- 
action, while  0.05  milligram  gave  one  similar  to  those  given  by  the 
proteins  marked  slight.  0.5  milligram  of  nucleic  acid  would  cor- 
respond to  a  phosphorus  content  of  0.5  per  cent.,  0.05  milligram 
to  0.05  per  cent,  of  the  quantity  of  protein  used  in  these  tests — ^a 
quantity  which  would  be  readily  detected.  From  these  experi- 
ments it  is  evident  that  very  small  quantities  of  contaminating 

1  Erb  (Ztsekr,  Bt'ol,  41,  309)  has  sUted  tta«t  cdestin  docs  not  give  Moliich's  reaction, 
s  Ztschr.  pkysM.  Ckem.y  $$9  >"  (X90>)- 
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substances,  many  or  all  of  which  are  liable  to  be  present  with  the 
protein,  especially  in  vegetable  extracts,  may  be  quite  enough  to 
cause  a  strong  MoHsch  reaction. 

The  evidence  of  a  carbohydrate  group  in  the  protein  molecule 
which  Molisch's  reaction  affords  cannot,  therefore,  be  accepted  as 
conclusive,  other  evidence  which  shows  that  more  than  insignifi- 
cant quantities  of  carbohydrate -are  present  being  also  necessary. 


[Contributions  from  thb  Havemever  Laboratories  op  Columbia 
University,  No.  77.] 

;>.AMINOBENZONITRILE.' 

By  Marston  Taylor  Boqert  and  Lothair  Kornstamm. 
Received  March  o,  1003. 

INTRODUCTORY. 

In  the  last  edition  of  Beilstein's  "Handbuch,"  Vol.  II,  p.  1273, 
three  widely  separated  melting-points  are  recorded  for  ^-amino- 
benzonitrile,  namely,  74**,  as  reported  by  Engler;*  no**,  reported 
by  Fricke;'  and  86**,  reported  by  Griess.*  In  the  recent  German 
edition  of  "Roscoe  and  Schorlemmer,"  and  in  Richter's  "Lexikon." 
the  preference  is  given  to  the  figure  no*' — why,  we  do  not  know, 
unless  it  is  due  to  the  usual  inclination  on  the  part  of  compilers  of 
reference  works  to  give  the  preference  to  the  highest  figure.  As 
the  matter  is  not  cleared  up  in  the  recently  issued  supplement  to 
"Beilstein"  (Vol.  II),  and  as  we  have  not  been  able  to  discover 
anything  in  the  literature  which  would  further  enlighten  us,  it 
seemed  of  interest  to  investigate  the  subject,  and  to  determine  if 
possible  which  of  these  widely  divergent  melting-points  (if  any, 
indeed,  were  correct)  represented  the  real  melting-point  of  p- 
aminobenzonitrile,  especially  as  a  further  study  of  this  nitrile  and 
its  derivatives  was  contemplated. 

The  results  obtained  show  quite  clearly  that  the  melting-point 
of  86**,  as  given  by  Griess,*  is  substantially  correct.  We  have 
repeated  the  work  of  Engler,  Fricke  and  Griess,  and  have  also 
prepared  the  nitrile  by  a  fourth  method.    The  products  obtained 

1  Reftd  before  the  New  York  Section  at  its  meeting  May  ao,  190a. 
<  Zlschr.  Ckem.  (1868),  p.  613;  Ann.  Chem.  (Uebiff).  149.497  (1869). 

*  Ber.  d,  ekem  Ges.,  7,  1331  (1874). 

•  /*«.,  8,  861  (1875). 
»  Loc.  al. 
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by  the  various  methods  were  identical  in  all  respects,  and  melted 
sharply  at  85.5** -86**  (corr.).  A  few  derivatives  of  the  amino- 
nitrile  were  also  prepared. 

EXPERIMBNTAU 

p'Nitrobensonitrile. — This  was  prepared  from  ^-nitraniline  by 
the  Sandmeyer  reaction,  in  a  maimer  entirely  analogous  to  that 
already  described  by  Bogert  and  Hand*  for  the  ortho  compound, 
carbon  tetrachloride  being  used  to  extract  the  crude  nitrile  from 
the  accompanying  mineral  cyanides,  and  further  purification  being 
accomplished  by  crystallization  from  dilute  acetici  acid.  The 
crj'stals  thus  obtained  melted  sharply  at  147**  (uncorr.).  Fricke* 
and  Hantzsch  and  Schultze*  give  the  melting-point  as  147®,  while 
Sandmeyer*  reports  it  as  146**.  It  will  be  noted  that  the  melting- 
point  of  this  nitrile  is  the  same  as  that  of  the  /»-nitraniline  from 
which  it  was  prepared.  We  did  not  find  the  yield  of  nitrile  to  be 
nearly  so  large  as  in  the  case  of  the  ortho  compound.  This  is  per- 
haps due  to  the  formation  of  diazoamino*  and  biphenyl*  com- 
pounds. The  method  recommended  by  Pinnow  and  Miiller^ 
was  also  tried,  but  the  yield  was  still  less  satisfactory. 
By  the  action  of  concentrated  sulphuric  acid,  this  nitrile  may  be 
changed  to  ^-nitrobenzamide,  melting-point  200®  (uncorr.),  as 
already  observed  by  Claus.* 

Reduction  of  p-Nitrobemonitrile  by  Bngler^s  Method. — Five 
grams  of  ^-nitrobenzonitrile  were  dissolved  in  100  cc.  absolute  al- 
cohol, 12  cc.  hydrochloric  acid  (sp.  gr.  1.2)  added,  and  the  reduc- 
tion accomplished  by  the  use  of  8  grams  of  granulated  zinc,  the 
mixture  being  allowed  to  stand  for  two  days  with  frequent 
shaking.  It  was  then  filtered  and  the  alcohol  removed  from  the 
filtrate  by  distillation  under  diminished  pressure.  From  the 
residual  solution,  on  cooling,  there  separated  a  mass  of  fine 
needles,  which  were  washed  thoroughly  with  cold  water  (to  re- 
move zinc  salts)  and  added  to  a  mixture  of  cracked  ice  and  ether 

*  This  Journal,  34. 1035  (1903). 
^loceii 

*  Ber  d.  chem.  Get.,  aS,  666  (1895). 

4  Ibid.,  18.  1493  (1885). 

'  Schrmube  and  Schmidt :  Ber,  d.  ckem.  Ges^  97,  530  (1894). 

*  Ntementowski :  /btd„  34,  3395  (1901). 
» Ibid.,  as.  149  (1895). 

•J.prakl.  Chem.  (a),  51,  399  (1895). 
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in  a  separatory  funnel.  Caustic  alkali  was  then  run  in  to  alkaline 
reaction  and  the  solution  repeatedly  extracted  with  ether.  The 
ether  extracts  were  combined,  the  ether  distilled  off,  and  the  liquid 
residue  placed  over  sulphuric  acid  in  vacuo,  where  it  soon  solidi- 
fied in  a  crystalline  mass.  On  recrystallization  from  water,  long 
white  needles  were  obtained,  melting-point  85.5°-86**. 

Engler  gives  the  melting-point  of  his  product  as  74**,  and  it 
is,  therefore,  quite  evident  that  his  material  could  not  have  been 
pure  />-aminobenzonitrile.  In  his  purification  of  the  crude  amino- 
nitrile  he  evaporated  the  alkaline  solution  of  the  free  base  until  an 
oil  separated  upon  the  surface  which  solidified  on  cooling,  and 
then  recrystallized  this  until  it  showed  a  melting-point  of  74*. 
That  some  saponification  occurred  in  this  evaporation  of  the  alka- 
line solution  seems  more  than  likely,  and  Engler  admits  that  the 
mother-liquors  contained  the  sodium  salt  of  what  was  apparently 
^-aminobenzoic  acid.  His  product  was  probably  a  mixture,  in 
spite  of  the  fact  that  the  percentage  composition  as  ascertained  by 
analysis  corresponded  with  that  calculated  for  /^-aminobenzo- 
nitrile. 

Reduction  of  p-Nitrobensonitrile  by  Fricke's  Method. — ^We  have 
found  it  more  convenient,  in  carryirig  out  this  process,  to  use  alco- 
hol, although  Fricke  does  not  mention  this  in  his  description  of 
the  method.  Five  grams  of  the  nitronitrile  were  dissolved  in  100 
cc.  of  absolute  alcohol  and  reduced  with  10  cc.  of  glacial  acetic 
acid  and  10  grams  of  granulated  tin,  adding  a  few  drops  of  platinic 
chloride  to  start  the  reaction.  Several  days  were  required  for 
complete  reduction.  The  tin  was  then  precipitated  by  hydrogen 
sulphide,  the  filtrate  neutralized  with  sodium  carbonate  and 
evaporated  to  dryness,  the  residue  extracted  with  ether,  and  the 
ethereal  extracts  evaporated  in  vacuo.  The  crystals  thus  obtained 
were  recrystallized  from  water,  then  appearing  as  long  white 
needles,  melting-point  85.5** -86'*,  and  identical  with  the  reduction- 
product  from  Engler's  method.  Fricke  reports  the  melting-point 
of  his  product  as  no**.  From  his  method  of  purifying  the  crude 
material  (which  is  not  g^ven  in  the  article  quoted,  but  appears  in 
his  dissertation)^  it  is  difficult  to  determine  the  particular  com- 
pound or  mixture  which  he  had  in  hand.  It  seems  manifest,  how- 
ever, that  his  product  was  not  pure  ^-aminobenzonitrile  as  he 
believed. 

1  Inaugural  DiMerUtion  Gfittinffen,  X874,  "  Ueber  Nltro-  and  Amido-Benaoaitiilc*' 
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Preparation  of  p-aminobenzonifrile  by  Griess's  Method, — 
Twenty  grains  of  ^-uraminobenzoic  acid  was  distilled  with  phos- 
phorus pentoxide,  and  the  impure  ^-aminobenzonitrile  thus  pro- 
duced was  purified  by  recrystallization  from  water,  until  the  melt- 
ing-point remained  constant  at  85.5** -86®,  the  purified  substance 
being  identical  in  all  respects  with  the  ^-aminobenzonitrile  already 
described.  Our  results,  therefore,  agree  entirely  with  those  of 
Griess. 

Reduction  of  p-Nitrobemonitrile  by  Stannous  Chloride  and 
Hydrochloric  Acid. — ^The  reduction  of  the  nitronitrile  in  this  case 
was  carried  out  exactly  as  outlined  by  Bc^ert  and  Hand*  for  the 
ortho  compound.  The  crude  aminonitrile,  crystallized  from 
water,  formed  long  white  needles,  melting  at  85.5^-86**,  and  iden- 
tical with  the  ^-aminobenzonitrile  obtained  by  the  other  methods. 
In  this  reduction,  care  must  be  taken  to  make  sure  that  the  reaction 
is  complete,  as  the  tendency  to  separate  intermediate  reduction 
products  (azoxy-,  hydroxylamino-derivatives,  etc.)  appears  to  be 
greater  than  with  the  orthonitronitrile. 

Some  of  the  pure  material,  obtained  by  this  latter  method,  was 
analyzed  with  the  following  results : 

Pound. 

Calculated  for  CrH«I7f       I-  II-  HI*  IV.  V. 

Cftrbon 71.18  71.11      71.33  

Hydrogen 5.0^  5.19       5.18  

Nitrogen 23.72  23.88      23.53      23.70 

Properties  of  p-Aminobemonitrile. — Long  white  or  colorless 
prisms,  or  compact  glassy  tablets.  Large  crystals  may  be  obtained 
from  a  mixture  of  chloroform  and  petroleum  ether,  by  careful 
evaporation.  The  melting-point  is  85.5"* -86**  (corr.),  and  is  not 
changed  by  further  crystallization.  It  is  very  difficultly  soluble  in 
petroleum  solvents,  cold  or  hot ;  difficultly  soluble  in  cold  water, 
moderately  soluble  in  hot ;  difficultly  soluble  in  cold  carbon  bisul- 
phide or  carbon  tetrachloride,  slightly  soluble  in  the  same  at  their 
boiling-points;  apparently  insoluble  in  cold  oil  of  turpentine,  but 
dissolves  readily  on  boiling ;  very  easily  soluble  in  methyl  alcohol, 
ethyl  alcdiol,  isoamyl  alcohol,  ether,  ethyl  acetate,  ethyl  nitrate, 
benzene,  chloroform,  acetone,  or  glacial  acetic  acid;  apparently 
insoluble  in  concentrated  hydrochloric  acid,  difficultly  soluble  in 

»  LoccU. 
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dilute ;  unattacked  by  cold  concentrated  caustic  soda,  but  dcocm- 
posed  by  it  on  boiling. 

Through  the  kindness  of  Dr.  Austin  Flint  Rogers,  of  the  De- 
partment of  Mineralogy  of  Cdumbia  University,  the  following 
crystallographic  data  are  appended: 

Monodinic  fystem.    a'.b:C'=  1.7475  -  i  •  '-4573.  *  /*=  47^5©'. 
PomiB :  a  (loo),  b  (oio),  c  (ooi),  m  (no),  r  (loi). 

Obeerved.     Calcnlatcd. 
mm^  (no :  no)   (6)  75*2o'  .... 

ac  (ioo:ooi)  (6)  47^5o'  •••• 

cr  (ooi:Toi)  (3)  54*32'  •••• 

am  (100 :  no)  (8)  52^34'  52^20' 

cm  (001  :  no)  (6)  65*42'  65^7' 

Crystals  rhomboidal  in  shape,  tabular  parallel  to  c ;  often  (juiu 
elongate  in  the  direction  of  the  b  axis.  Faces  c  and  m  dominant; 
a,  b  and  r,  subordinate,  the  two  latter  faces  usually  rounded. 


Cleavage  a  perfect,  b  less  so.  The  figure  given  above  is  an 
orthographic  projection,  with  (010)  as  the  plane  of  projection. 

Chloride  of  p-Aminobensonitrile. — This  was  prepared  by  dis- 
solving the  nitrile  in  dry  ether  and  passing  in  dry  hydrochloric 
acid  gas.  It  separated  immediately  as  a  white  crystalline  precipi- 
tate. The  determination  of  hydrochloric  acid  in  this  salt  invariably 
gave  low  results,  even  when  freshly  precipitated,  washed  with 
absolute  ether,  and  dried  in  vacuo  over  sulphuric  acid. 

P'Acetaminobenzonitrile, — The  aminonitrile  was  boiled  wiA 
acetic  anhydride  for  a  few  hours  and  the  crude  product  crys- 
tallized from  water.  Fine  white  needles,  melting-point  200*. 
Percentage  of  nitrogen  found  by  analysis,  17.52;  required  fof 
CHjCONHCeH.CN,  17.50. 
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P'Propiouaminobensonitrile. — This  was  prepared  by  heating  the 
aminonitrile  for  several  hours  with  propionic  anhydride,  and  crys- 
tallizing the  crude  product  from  water.  It  forms  crystals  melting 
at  169**.  Percentage  of  nitrogen  found  by  analysis,  16.09;  calcu- 
lated for  QH^CONHCeH^CN,  16.06. 

p'Aminobenjsamide. — The  aminonitrile  was  warmed  for  some 
time  at  50°  with  alkaline  hydrogen  dioxide  solution.  On  cooling, 
white  crystals  separated,  melting-point  178^-179**.  Not  sufficient 
of  the  material  was  prepared  for  further  purification,  so  that  the 
melting-point  as  given  is  probably  low.  Reichenbach  and  Beil- 
stein*  report  the  melting-point  of  ^-aminobenzamide  as  I78**-I79*', 
but  Remsen  and  Reed'  give  the  corrected  melting-point  as  182.9®. 

p'Aminobemihiamide,  H,NCSC8H4CN. — ^The  aminonitrile  was 
dissolved  in  alcohol,  the  solution  saturated  at  o®  with  dry  ammonia 
and  dry  hydrogen  sulphide,  and  then  heated  in  a  sealed  tubeatioo^ 
for  several  hours.  The  crystals  obtained,  when  purified  and  dried, 
showed  a  melting-point  of  172**.  Engler*  gives  the  melting-point 
of  ^-aminbbenzthiamide  as  170®. 

The  study  of  ^-aminobenzonitrile  and  of  its  derivatives  is  being 

continued. 
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[CONTRIBimONS    PROM    THB    ShBPFIBLD    LABORATORY    OP    YALH    UNI- 

VERSITV.] 

ON  THE  MOLECULAR  REARRANGEMENT  OP  THIOCYAN- 
ACETANILIDE5    INTO    LABILE    PSEUDOTHIOHY- 
DANTOINS;    AND  ON    THE   HOLECULAR 
REARRANQEHENT  OF  THE  LAT- 
TER   INTO    STABLE 
ISOnER5. 

By  Tbbat  Baldwin  Johnson. 

RecdTed  March  i«  1903. 

[second  paper.] 
In  a  previous  paper  from  this  laboratory  by  Wheeler  and  John- 
son/ it  was  shown  that  a  thiocyanacetanilide  is  capable  of  a 

*  Anm,  Chem,  (Liebijc).  ija,  137  (1864). 
>  Am.  Ckem.J.^  ai,  381  (1899). 

s  Ztschr.phys.  Ckem.,  1868.  p.  613;  Ann.  Cktm.  (I^iebig),  149,  397  (1869). 

*  Am,  Chem.  J.,  aS,  lai  (1902). 
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metastatic  change  into  a  labile  pseudothiohydantoin,  and  then  into 
a  stable  isomer. 

CH,.SCN         CH— S  CH,— S 

I  II  II 

CO  --     CO     C  =  NH    --     CO      C  =  NR. 

\  \    /  \    / 

NHR  NR  .  NH 

Three  possible  formulas,  which  mi^ht  be  assigned  to  the 
labile  pseudothiohydantoins,  were  considered  by  us,  but  no  con- 
clusive experimental  evidence  was  produced  that  established  any 
one  of  these  structures : 

CH,— S  CH,— S       CH, S 


.NH. 


I 

CO      C  =  NH,     HOC-N=C,  C<^;4*>C. 

\  /           \  /  \    y 

NR                               NR  \      / 


NR 
I.  II.  III. 

The  structure  of  the  stable  phenylpseudothiohydantoin  was 
definitely  established  by  the  fact  that  unsymmetrical  benzylphcnyl- 
thiourea  and  ethylchloracetate  gave  the  same  compound  as  was  ob- 
tained by  treating  the  stable  phenylpseudothiohydantoin  with 
alkali  and  benzyl  chloride,  showing  that  the  phenyl  group  is 
attached  to  the  nitrogen  outside  the  ring.  This  formula  was  as- 
signed to  the  phenylpseudothiohydantoin  by  Dixon.* 

As  we  were  obliged  to  discontinue  our  investigation  of  this 
interesting  rearrangement  on  account  of  lack  of  time,  we  stated 
that  we  would  continue  the  research  at  the  opening  of  the  next 
college  year.  The  work  was  again  taken  up  in  this  laboratory 
this  year  with  the  intention  of  examining  the  behavior  of  potas- 
sium thiocyanate  with  other  chloracetanilides,  and  incidentally 
gaining  more  definite  knowledge  of  the  structure  of  the  laKIc 
phenylpseudothiohydantoins. 

The  additional  chloracetanilides,  which  have  been  studied,  have 
been  chloracet-/3-naphthalide,  chloracet-w-xylidide,  chloracct-«- 
nitranilide,   and   chloracet-^-bromanilide.^     All   of  the  products 

I  J.  Chem.  Soc,  (I«ondon),  71,  620. 

>  **  Chloracetparabromanilide  suggested  itself  as  a  suitable  aniUde  to  examine  inoos- 
nection  with  our  work.  This  was  assigned  to  Mr.  H.  S.  Bristol  for  investigatioa,  M 
owing  to  its  poisonous  character  he  was,  unfortunately,  compelled  to  stop  the  invesdcstw"- 
All  of  the  chloracetanilides  that  we  have  examined  have  attacked  the  skin  in  w^xtrj^ 
agreeable  manner,  producing  symptoms  of  the  same  nature  a^  *  poison  ivy.'    This ssil*^ 
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obtained  have  been  examined  as  in  the  previous  paper,*  in  regard 
to  their  behavior  towards  thiolacids  and  alkali,  and  also  their  be- 
havior on  heating.  The  reactions  enumerated  have  served  to  de- 
termine whether  we  were  dealing  with  a  thiocyanate  or  a  labile 
hydantoin. 

What  structure  is  to  be  assigned  to  the  intermediate  products 
formed  in  these  rearrangements  is  still  left  undecided.  It  is  a 
curious  fact  that  there  is  no  uniformity  in  the  action  of  potassium 
thiocyanate  on  the  different  chloracetanilides.  In  one  case  it  is 
the  thiocyanate  that  has  the  greater  tendency  to  form,  while  in 
another,  it  is  the  labile  hydantoin.  Of  the  chloracetanilides  ex- 
amined in  this  paper  not  one  has  reacted  smoothly  with  potassium 
thiocyanate,  and  given  all  the  three  possible  products  of  the  reac- 
tion. In  the  metaxylyl  derivatives  the  thiocyanate  and  stable  hy- 
dantoin were  the  only  products  identified,  while  from  chloracet-y^- 
naphthalide  the  thiocyanate  was  missing,  and  only  the  labile  and 
stable  hydantoins  were  obtained.  From  chloracet-m-nitranilide 
only  one  product  was  identified ;  this  had  all  the  properties  of  a 
labile  hydantoin. 

EXPERIMENTAL  PART. 
By  W.  K.  Walbridob. 

Chloracet'ft'Naphthalide,  ClCH^CONHCioH..— This  body  was 
obtained  by  treating  chloracetyl  chloride  with  >9-naphthylamine. 
It  was  moderately  soluble  in  benzene,  very  soluble  in  alcohol,  but 
insoluble  in  water.  It  is  best  purified  by  crystallizing  from  dilute 
alc(Aol,  from  which  it  separates  in  rosettes  or  fine  needles,  and 
melts  when  pure  at  117^-118^.    A  nitrc^en  determination  gave: 

CftlcnUted  for 
CitHioONCl.  Pound. 

Nitrogen 6.58  6.42 

Labile  fl  -  NaphthylpseudothiohydanUnn. —  Chloracet-y^-naph- 
thalide  and  potassium  thiocyanate  reacted  immediately  when  boiled 
in  alcoholic  solution.  Ten  grams  of  the  chloracetnaphthalide  and 
molecular  proportions  of  potassium  thiocyanate  were  boiled  in  30 
cc.  of  alcdiol  for  ten  minutes;  after  filtering  from  potassium 
chloride,  small  prisms  immediately  separated,  which  melted  at 
147®,  after  recrystallization  from  alcohol.    A  nitrogen  determina- 

provcd  to  be  A  moat  violCBt  poiaon.    It  Mcmcd  to  atUck  the  connecting  tiMue  bencAth  the 
tkia,  cnusing  a  miperficfail  oedema,  and  thence  tranamitted  to  the  blood,  cauaing  o/hi mim- 
mria.    The  itehinc  did  not  entirely  diaappcar  for  over  a  month." 
1  Loe.  a'L 
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tion  agreed  with  the  calculated  for  a-keUh}i'iminO'N'fi-naphikyi' 
tetrahydrothioazole. 

Calculated  for 
CuHioONsS.  Foand. 

Nitrogen 11.57  ii.fa 

Several  attempts  were  made  to  isolate  a  lower  melting  isomer 
by  shortening  the  time  of  heating,  and  using  varying  quantities  of 
alcohol,  but  no  evidence  was  obtained  of  any  body  being  formed 
here  except  the  one  isolated  melting  at  I47**»  and  the  stable 
naphthylpseudothiohydantoin. 

Action  of  ThioaceHc  Acid. — That  we  were  dealing  here  with  a 
labile  hydantoin  and  not  with  the  first  product  of  the  reactioo— a 
thiocyanate — ^was  shown  by  die  action  of  thioacetic  add.  Three 
grams  of  the  hydantoin  and  the  calculated  quantity  of  thioaccdc 
acid  were  boiled  in  35  cc.  of  dry  benzene  for  about  two  hours. 
Much  hydrogen  sulphide  was  evolved  during  the  reaction.  The 
reaction-product,  which  crystallized  out  on  cooling,  was  purified 
by  recrystallizing  from  benzene;  it  separated  in  the  form  of 
needles  and  melted  when  pure  at  I39**-I40**.  A  nitrogen  deter- 
mination agreed  with  the  calculated  for  aketo-fA-acetimifKhN'fi' 
naphthyltetrahydrothiazole. 

Calculated  for 
CisHixOiNsS.  Poand. 

Nitrogen 9.86  9.76 

fi'Naphthylacetthiohydantaic  Acid, — Accompanying  the  thi- 
azole  derivative  described  was  a  small  amount  of  insoluble  ma- 
terial, which  was  purified  by  repeatedly  boiling  with  fresh  ben- 
zene. It  melted  with  effervescence  at  temperatures  varying  from 
167**  to  173®  according  to  thie  rapidity  of  heating.  The  behavior 
on  melting,  its  insolubility  in  the  ordinary  solvents,  and  a  nitrogen 
determination  identified  this  body  as  naphthylacetthiohydantoic 
acid. 

Calculated  for 
CisHmOsNsS.  Poand. 

Nitrogen 9.37  9.32 

Behavior  on  Heating:  Stable  ft-NaphthylpseudothiohydanUnn,^ 
The  labile  naphthylpseudohydantoin  showed  no  strong  ten- 
dency to  pass  over  into  the  stable  isomer.  After  heating  the  dry 
material  for  several  hours  in  a  boiling  water-bath  unaltered 
material  was  obtained.  When  the  hydantoin  melting  at  147®  was 
completely  melted  in  an  oil-bath,  and  heated  for  from  ten  to  fifteen 
minutes  at  I40®-I50**,  a  black,  vitreous  cake  was  obtained  on  cooJ- 
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ing,  from  which  the  impure  stable  hydantoin  was  obtained.  A 
smooth  rearrangement  could  not  be  obtained  in  this  way — the  de- 
composition products  interfering  with  the  purification  of  the  stable 
hydantoin.  When  the  labile  hydantoin  was  boiled  for  three  and 
one-half  hours  in  dilute  alcohol  it  was  converted  very  smoothly 
into  the  stable  hydantoin,  melting  when  pure  at  2I3**-2I4**,  with 
decomposition.  A  small  amount  of  the  hydantoic  acid  is  also 
formed  at  the  same  time. 

fi'Naphthylpseudothiohydantoic  Acid. — This  acid  was  prepared 
by  boiling,  for  one  hour,  an  alcoholic  solution  of  ammonium 
chloracetate  and  y^ -naphthylthiourea.  The  hydantoic  acid  sepa- 
rated as  an  amorphous  body  and  melted  with  effervescence  at 
temperatures  varying  from  195^-230**  according  to  the  rapidity 
of  heating.  It  is  insoluble  in  the  ordinary  solvents.  A  nitrogen 
determination  gave: 

Calculated  for 

CuHitOtN«S.  Pound. 

Nitrogen ••   10.77  10.86 

Stable  fi-Naphthylpseudothiohydantoln. — This  hydantoin  was 
prepared  by  warming  the  preceding  hydantoic  acid  on  the  water- 
bath  with  glacial  acetic  acid  for  four  hours.  Water  precipitated 
the  hydantoin.  It  was  difficultly  soluble  in  benzene,  but  crystal- 
lized from  alcohol  in  fine  needles,  and  melted  when  pure  at  213''- 
214**,  with  decomposition.      A  nitrogen  determination  gave: 

Calculated  for 
CuHioONtS.  Pound. 

Nitrogen 11.57  11.65 

This  stable  hydantoin  was  always  deposited  during  the  sponta- 
neous evaporation  of  the  alcoholic  filtrates  in  the  preparation  of  the 
labile  hydantoin.  We  also  observed  that  the  labile  hydantoin 
could  be  converted  very  smoothly  into  the  stable  hydantoin  by 
boiling  for  a  few  minutes  with  strong  hydrochloric  acid. 

Action  of  Alkali  on  the  Stable  Hydantoin. — The  stable  hydan- 
toin dissolves  very  easily  in  warm  sodium  hydroxide  solution. 
When  copied,  the  alkaline  solution  deposits  the  sodium  salt  of  the 
stable  hydantoin  in  the  form  of  brilliant  spangles.  Acetic  acid 
precipitates  again  the  unaltered  hydantoin. 

Action  of  Acetic  Anhydride, — When  the  stable  /^-naphthyl- 
pseudothiohydantoin  was  warmed  for  fifteen  minutes  in  the  water- 
bath  with  an  excess  of  acetic  anhydride  a  thick  paste  was  obtained ; 
after  pouring  into  water  a  thick  amorphous  deposit  resulted,  which 
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was  very  soluble  in  alcohol,  and  reprecipitated  by  water  as  an  (m1. 
The  product  was  finally  obtained  pure  by  crystallizing  from  ben- 
zene, from  which  it  separated  in  fine  needles,  and  melted  sharply 
at  I42**-I43®.  A  nitrogen  determination  agreed  with  the  calcu- 
lated for  a  monoacetyl  derivative,  a-keto-fi'^'tiaphthylimifUhN' 
acettetrahydrothiasole. 

Calculated  for       Calculated  for 
Monoacetyl—  Diacetyl— 

CiuHisOsNtS.  CnHuOsNtS.  Pomid. 

Nitrogen 9.86  8.59  laay 

A  quantitative  determination  of  the  acetyl  groups  was  made  b? 
saponification  with  standard  potassium  hydroxide,  and  titrating 
the  excess  of  free  alkali  with  standard  hydrochloric  acid. 

Calculated  for     Calculated  for 

(CH*CO),  ;CH8CO-)f.  Found. 

15.14  26.37  12.52 

a'KeiO'fi'bemilide^ie'Pi'Naphtkyliminotetrahydrothiazolt,'— 
This  was  obtained  by  warming  in  the  water-bath,  for  five  hours, 
the  sodium  salt  of  the  stable  hydantoin  with  molecular  proportions 
of  benzaldehyde  in  alcoholic  solution.  It  separated  from  the  hot 
alcohol  solution  as  pale  yellow  plates,  and  melted  at  272*  with 
slight  effervescence.     A  nitrogen  determination  gave: 

Calculated  for 
CjoHhOKsS.  Fonad. 

Nitrogen 8.48  8.43 

By  D.  p.  McParland. 

Ch  loracet'tn-xyHdide, 

ClCH,CONHCeH,(CH3)„(CH„CH„NH,i,3^). 
— This  body  was  obtained  by  the  action  of  chloracetyl  chloride  on 
m-xylidine.     It  crystallized  from  alcohol  in  the  form  of  needles 
and  melted  at  i5i**-iS2*'  C.     It  is  very  soluble  in  alcohol,  and 
moderately  soluble  in  benzene.     A  nitrogen  determination  gave: 

Calculated  for 
CioHi,ONCl.  Pound. 

Nitrogen 7.09  7.26 

Normal  Thiocyanacet-m-xylidide,  NCSCH,CONHCeH,(CH,)r 
— When  chloracet-m-xylidide  was  boiled  with  a  slight' excess  of 
potassium  thiocyanate  in  alcoholic  solution  for  twenty  minutes, 
water  precipitated  from  the  alcoholic  solution  unaltered  chloride. 
After  evaporating  the  aqueous  solution  in  vacuo  a  fair  quantity  of 
brilliant  prisms  separated,  which  were  quite  soluble  in  alccAoI, 
ether,  and  benzene,  and  melted  at  98*.  A  nitrogen  determination 
agreed  with  the  calculated  for  thiocyanacet-m-xylidide. 
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Calculated  for 
CnHttONtS.  Pound. 

Nitrogen 12.72  12.97 

By  further  evaporation  of  the  mother-liquor  a  white  granular 
substance  separated,  which  was  insoluble  in  the  ordinary  solvents 
and  melted  with  effervescence  at  about  179**.  This  was  identified 
as  w-xylylthiohydantoic  acid,  identical  in  properties  with  that  pre- 
pared for  comparison  from  w-xylylthiourea  and  ammonium  chlor- 
acetate.  We  made  attempts  to  obtain  larger  yields  of  the  thio- 
cyanate  by  boiling  the  chloracet-m-xylidide  with  potassium  thio- 
cyanate  in  alcoholic' solution  for  a  longer  time,  but  while  less  un- 
altered chloride  was  obtained  by  such  treatment,  the  amount  of 
thiohydantoic  acid  formed  was  increased,  while  the  yield  of  thio- 
cyanate  was  decreased. 

Action  of  Thioacetic  Acid, — When  the  thiocyanate  melting  at 
98**  was  boiled  with  thioacetic  acid  in  benzene  solution  for  a  few 
hours  and  then  allowed  to  evaporate,  a  varnish  was  obtained, 
which  dissolved  immediately  in  cold  sodium  hydroxide  solution. 
Acetic  acid  precipitated  a  mixture  of  the  thiohydantoic  acid  melt- 
ing at  about  180**,  and  a  yellow  crystalline  body  which  crystallized 
from  alcohol  and  melted  fairly  sharp  at  162°.  Not  enough  of 
this  was  obtained  for  complete  purification  and  analysis,  but  its 
color  and  solubility  in  alkali  served  to  identify  it  as  a  dithio- 
urethane. 

Behaznor  on  Heating. — This  thiocyanate  proved  to  be  very 
stable  when  heated  in  a  dry  state  in  the  boiling  water-bath.  After 
twenty-six  hours'  heating,  it  finally  completely  solidified  to  a  dark 
red  colored  body;  on  crystallizing  this  from  alcohol  it  separated 
in  clusters  of  fine  needles  and  melted  at  157",  the  melting-point 
found  for  the  corresponding  stable  m-xylylpseudothiohydantoin. 
A  similar  rearrangement  was  obtained  when  the  thiocyanate  was 
heated  for  one  hour  in  an  oil-bath  at  145''.  A  brown  mass  was 
obtained  from  which  was  isolated  the  stable  hydantoin. 

No  indications  of  the  formation  of  any  intermediate  labile  hy- 
dantoin were  observed  during  these  experiments.  Several  at- 
tempts were  made  to  isolate  a  labile  hydantoin  by  boiling  the  thio- 
cyanate in  ether  and  benzene,  but  no  great  change  in  the  melting- 
point  was  observed  after  boiling  for  seven  or  eight  hours.  Slight 
decomposition  usually  took  place  on  prolonged  boiling.     In  its 
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behavior  on  heating,  this  thiocyanate  is  similar  to  the  isomeric 
thiocyanacetorthoxylidide  examined  in  a  previous  paper.* 

m-Xylylthiohydantoic  Acid. — This  acid  was  made  by  boiling 
ammonium  chloracetate  with  m-xylylthiourea  in  alcoholic  solution. 
It  separated  as  a  fine  white  powder,  was  practically  insoluble  in 
the  ordinary  organic  solvents,  and  melted  with  effervescence  at 
about  i79®-i8o*'.    A  nitrogen  determination  gave: 

Calculated  for 
CiiHhOsN,S.  PooikL 

Nitrogen 1 1.76  12.40 

Stable  m-Xylylpseudothiohydantoin. — This  hydantoin  was  ob- 
tained by  heating  the  above  hydantoic  acid  with  glacial  acetic  acid 
on  the  water-bath.  It  was  easily  dissolved  by  hot  alcohol,  but 
crystallized  on  cooling  in  clusters  of  needles,  which  mdted  at 
157*.    A  nitrogen  determination  gave: 

Calculated  for 
CiiHixONsS.  Fband. 

Nitrogen 12.72  12.52 

Action  of  Alkali. — When  the  stable  hydantoin  was  warmed  wiA 
sodium  hydroxide  solution  it  easily  dissolved ;  on  cooling,  beauti- 
ful glistening  plates  of  the  sodium  salt  separated,  which  gave  no 
definite  melting-point. 

Action  of  Acetic  Anhydride. — ^When  the  stable  m-xylylpseudo- 
thiohydantoin  was  heated  with  acetic  anhydride  at  100®  for  about 
forty-five  minutes  a  strong  red  colored  solution  resulted.  Water 
precipitated  a  semi-solid  which  was  purified  by  crystallizing  from 
alcohol.  It  separated  in  granular  crystals  and  melted  at  165*- 
166**  with  slight  decomposition.  A  nitrogen  determination  agreed 
with  the  calculated  for  a  monacetyl  derivative  of  the  thiohydan- 
toin. 

Calculated  for 
CuHhOsN^.  Found. 

Nitrogen 10.68  ia69 

In  respect  to  their  behavior  with  acetic  anhydride  the  stable 
^-naphthyl-  and  in-xylylpseudothiohyclantoins  are  to  be  classed 
by  themselves  in  that  they  both  gave  monoacetyl  derivatives.  Of 
the  stable  hydantoins  discussed  in  a  previous  paper,*  three— 
phenyl,  orthotolyl,  and  paratolyl — gave  diacetyl  derivatives  when 
treated  in  the  same  way. 

>  Loc.  cit. 
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By  W.  B.  Cramer. 

Chloracet-m-nitroanilide,  ClCH^CONHCeH^NO,.— This  anilidc 
was  prq>ared  from  chloracetyl  chloride  and  m-nitroaniline.  It 
crystallized  from  alcohol  in  plates  and  melted  at  101^-102^  C.  A 
nitrogen  determination  gave : 

CalcttUtcd  for 

CsHfOiNflCl.  Pound. 

Nitrogen 13.04  13.03 

Labile  m-Nitrophenylpseudoihiohydantom. — ^This  body  was 
obtained  by  boiling  in  benzene  chloracet-m-nitroanilide  with  potas- 
sium thiocyanate  for  twenty  minutes.  It  crystallized  from  alcohol 
in  the  form  of  plates  and  melted  at  183^-184^  C.  A  nitrogen  de- 
termination gave: 

Calculated  for 
CiHrNsCS.  Pound. 

Nitrogen 1 7.79  17.60 

Action  of  Alkali. — ^This  hydantom  melting  at  i83**-i84**  dis- 
solved in  cold  sodium  hydroxide  solution.  On  neutralizing  witk 
acetic  acid  a  mass  'of  needles  separated.  They  were  purified  by 
crystallizing  from  benzene  and  melted  at  I33**-I34**  C.  A  nitro- 
gen determination  agreed  with  the  calculated  for  m-nitrophenyU 
cyanamide. 

Calculated  for 
CTHtNsOi.  Found. 

Nitrogen 25.78  25.57 

New  HAVBlf,    COKNECTICUT, 

February  aS,  X903. 


[Contribution   from  thb  Chbmical  Laboratory    op  the  North 
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JIETHODS  FOR  THE  DETERMINATION  OF  TOTAL  PHOS- 
PHORIC ACID  AND  POTASH  IN  SOILS. 

By  C.  B.  Williams. 

Received  February  9.  1903. 

Agricultural  chemists  have  seemingly,  in  recent  years,  placed 
too  little  stress  upon  the  determination  of  total  plant  food  in  soils, 
as  a  knowledge  of  the  quantity  present  is  necessary  for  a  thorough 
understanding  of  the  potentialities,  culture  methods,  and  fertilizer 
requirements  of  any  soil,  as  well  as  entering  vitally  into  the  inter- 
pretations given  availability  results.  With  these  facts  in  mind, 
the  writer  has,  during  the  past  summer,  devoted  some  time  to 
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modifying  well-known  analytical  methods  to  a  reasonably  rapid 
basis  for  the  determination  of  total  phosphoric  acid  and  potash  in 
soils. 

STUDY  OF  DIFFERENT  SOLVENTS  FOR  PHOSPHORIC  ACID. 

The  results  of  work  with  the  action  of  different  solvents  on 
phosphoric  acid  are  incorporated  in  Table  I,  and  it  will  be  sen 

Table  I.— Comparison  of  Methods  for  Effecting  Solution  of  Sou 
Phosphoric  Acid  whbn  io  Grams  Soil  are  Employed. 

Digested  in  Kjeldahl  flask  x  12  hoark 


Soil. 
No. 


Treated 

three  times 

with  HF 

and  then 

fused  with 

10  grams 

Xa-CO:r- 

K«CO|.  Per 

cent.  PoOj. 

Heated  on 
fori  I'a 

With  30  cc. 
HCI.  Per 
cent.  PjOft. 

water-bath 
hours. 

With  30  cc. 
HNO,.   Per 
cent.  PjOj. 

With 

iJcf+ 

aocc. 
HNO,. 
Per  cent. 
PfOft. 

With 
50  cc. 
HCl    Per 
cent. 

p-o». 

With  30  cc 

HCl  fol- 
lowed by 
digestion 
ihr  with 
locc.HNO,. 
Per  cent. 
PsOj. 

With 
HC1  + 

Pr^ftaL 
PsOs, 

0.0330 

0.017 

0.016 



0.017 

0.017 

.... 

0.017 

0.015 

.... 





.... 

0.0292    J 

0.017 

0.014 

0.017 

0.016 

0.015 

0.016 

0.015 

0.014 

0.017 



.... 

0017 

0.02 1 2     \ 

0.016 

0.014 

0.013 

0.015 

0.015 

0.014 

0.015 

0.014 

.... 





aoi2 

that  the  results  obtained  by  the  last  six  modes  of  treatment  arc 
practically  identical,  and  uniformly  low,  while  those  by  the  hydro- 
fluoric acid-fusion  method,*  are  perceptibly  higher.  Fusion  of 
the  residues  from  treatment  by  the  last  six  methods  invariably 
gave  a  slight  test  for  phosphoric  acid,  while,  of  course,  this  was 
not  true  of  the  first  method,  as  the  residues  were  entirely  deoMn- 
posed  by  fusion  with  sodium  and  potassium  carbonates.*  The 
soils  were  ignited  before  treatment  by  the  first  four  methods,  but 
not  with  the  last  three. 

As  the  hydrofluoric  acid-fusion  method  gave  results  uniformly 
higher,  and  representing,  we  think,  all  the  phosphoric  acid  in  the 
soil,  it  has  been  adopted  for  the  determination  of  total  phosphoric 
acid  in  soil  survey  work  in  North  Carolina.  It  might  be  objected 
that  higher  results  by  this  method  are  due  to  the  possible  presence 
of  ammonium  silicomolybdate,  as  in  the  dehydration  of  silica  from 
the  fusion  with  sodium  and  potassium  carb  nates  there  was  only 
one  evaporation  to  dryness ;  but  this  would  seem  unfounded,  as 

'  yide  Preseniua,  "Quantitative  Analysis,"  pp.  434-4^6. 
*  Ibid.y  pp.  422-424. 
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silica  gives  no  reaction  in  the  cold/  and  only  a  strong  yellow 
coloration  upon  heating. 

DETERMINATION    OF    PHOSPHORIC    ACID    VOLUMETRICALLY    VERSUS 
CRA  VI M  ETRICALLV. 

The  volumetric  method  used  is  described  in  this  Journal,  23, 
3-12,*  while  the  gravimetric  one  employed  is  the  regular  official 
method  of  the  Association  of  Official  Agricultural  Chemists.  For 
a  test  of  the  relative  merits  of  these  two  methods  of  estimating 
phosphoric  acid  in  soils,  where  the  quantity  usually  is  less  than  o.i 
per  cent.,  twelve  soils  ( Nos.  23-24)  were  employed,  using  solutions 
obtained  by  digestion  in  the  water-bath  for  ten  hours  with  1.115 
sp.  gr.  hydrochloric  acid,  shaking  thoroughly  each  hour.  The 
qtiantity  was  determined  separately  in  each  twelve  original  and 
duplicate  soils,  the  total  amotmt  from  the  twelve  originals  being 
0.0260,  and  from  duplicates  0.0280  gram.  When  the  totals  of  the 
originals  and  duplicates  were  dissolved  separately  with  hydro- 
chloric acid,  and  redetermined  by  precipitation  with  magnesia 
mixture  0.0199  gram  phosphoric  acid  for  originals  and  0.0198  for 
•duplicates  were  obtained. 

Results  on  the  same  twelve  soils  by  the  volumetric  method, 
making  determinations  separately  and  adding,  gave  originals 
0.0210  gram  phosphoric  acid  and  duplicates  0.0193  gram,  which 
are  very  close  to  the  composite  original  and  duplicate  gravimetric 
results. 

In  the  light  of  these  results,  the  volumetric  method  is  considered 
by  far  the  most  accurate  for  soil  work  where  the  percentages  of 
phosphoric  acid  are  usually  very  low. 

SOLUTION  OF  POTASH    IN   SOILS. 

Results  in  Table  II  on  soils  Nos.  i,  2,  and  3  indicate  that  after 
ignition  and  evaporation  with  hydrofluoric  acid  five  times  it  is 
unnecessary  to  fuse  with  sodium  carbonate,  as  all  potash-bearing 
silicates  have  been  decomposed,  leaving  the  potash  in  a  form  that 
is  easily  dissolved  by  the  treatment  subsequently  given  it  in  the 
method  described  elsewhere  in  this  paper. 

*  Preictiiufl'  **  Qualitative  Analysis/'  p.  33a.  P.  P.  Veitch  states,  however,  that  silicic 
Acid gives  a  yellow  coloration  in  the  cold  (private  communicatioa). 

«  f^v^  this  Journal.  18,  382  ;/.  Frank,  Inst.,  136,  36a  ;  U.  S.  Dept.  of  Affricultare,  Div. 
of  Cbem..  Bull.  43,  pp.  68-97:  ibid..  Bull.  47,  pp.  62-82;  Jbid.,  49,  pp.  60-77;  Ibid.,  Si*'PP-  47-56 1 
Jbid.,  Bull.  56.  pp.  36-48  jy^u/.,  Bull.  62,  pp.  3^41;  Ibid,,  Bull.  56,  pp.  36-48;  Ibid.,  Bull.  67,  pp. 
^9-a6. 
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Table  II. 

Soil.  No. 

Treated  five  timet  with  HF. 
Per  cent.  K«0. 

Treated  five  tines  with  HF, 
followed  by  fuion  with 
NatCO,.  Per  cent.  KfO. 

I 

0.204 

0.216 

0.242 

0242 

2 

0.232 

0.252 

3 

- 

0.187 
0.180 

0.190 
O.191 

might  be  said  here  that  the  reason  for 

using  the  first  evaporsh 

tion  with  sulphuric  acid  in  the  potash  method  is  that  a  prelminary 
test  upon  soils  Nos.  6,  11,  13,  15,  and  16  worked  in  duplicate 
indicated  that  there  was  a  slight  loss  in  potash  if  the  soils  were  not 
saturated  with  this  acid  before  ignition ;  the  loss  probably  oocors 
principally  from  the  volatilization  of  potash  in  organic  combina- 
tion. 

moore's  method.* 
With  reference  to  the  method  of  Moore  for  the  determination  of 
total  potash  in  soils  I  found  that  as  long  as  the  combined  amount 
of  iron  and  alumina  remained  as  low  as  2  or  3  per  cent.,  it  worb 
very  well,  although  in  my  hands  giving  slightly  low  results,  bat 
when  from  8  to  12  per  cent,  of  iron  and  alumina  are  present, 
trouble  comes  frcnn  caking  upon  evaporation  to  a  pasty  constitu- 
ency with  platinic  chloride,  the  cake  not  being  dissolved  by 
Moore's  acid  alcohol,  even  after  standing  two  or  three  days. 

METHOD    FOR   THE    DETERMINATION    OF   TOTAL    PHOSPHORIC   ACE) 

IN  SOILS. 

Five  grams  of  soil  prepared  by  passing  through  a  sieve  witfi 
apertures  0.5  mm.  in  diameter  are  placed  in  a  platinum  dish  and 
ignited  until  organic  matter  has  been  destroyed ;  then  treated  three 
times  with  hydrofluoric  acid,  evaporating  to  dryness  each  time  on 
a  water-bath,  using  a  platinum  rod  to  stir  upon  each  addition  of 
acid.  The  residue  thus  obtained  is  mixed  with  10  grams  of  a 
mixture  of  equal  parts  of  sodium  and  potassium  carbon- 
ates, and  reduced  in  an  agate  mortar  to  a  fine  powder,  after 
which  it  is  heated  over  a  blast-lamp,  gently  at  first,  until  the  mass 
has  completely  agglutinated,  when  stronger  heat  is  turned  on  and 
continued  until  calm  fusion  is  attained.  Then  cool  and  place  the 
dish  and  its  contents  in  a  beaker,  and  add  sufficient  (1:1)  hydro- 
chloric acid  to  cover  the  dish.    Place  on  a  water-bath  and  digest 

^  U.  8.  Department  of  AgricuUure,  Bureaa  of  Chemistry,  Circular  9,  pp.  5-7. 
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until  the  mass  has  thoroughly  loosened  from  the  dish,  after  which 
it  is  removed.  Evaporate  to  dryness  on  a  water-bath  and  thor- 
oughly dehydrate  the  silica  present  by  finishing  the  heating  in  an 
air-bath  at  iio^  C.  for  four  or  five  hours.  Take  up  with  dilute 
hydrochloric  acid  and  digest  on  water-bath  for  twenty  to  thirty 
minutes,  after  which  filter  from  silica,  washing  the  same  thor- 
oughly to  remove  last  traces  of  phosphoric  acid.  'To  the  filtrate  is 
added  sufficient  nitric  acid  to  liberate  all  hydrochloric  acid»  and  the 
solution  is  evaporated  to  a  volume  of  about  40  cc.  Then  neu- 
tralize the  excess  of  nitric  acid  with  ammonia,  and  add  10  to  12 
grams  of  ammonium  nitrate.  After  cooling,  30  cc.  of  recently 
filtered  molybdic  solution  are  added  and  the  phosphoric  add  pre- 
cipitated by  shaking  in  a  Wagner  machine,  and  determined  volu- 
mctrically.* 

METHOD  FOR  THE  DETERMINATION  OF  TOTAL  POTASH  IN  SOILS. 

After  saturating  4  grams  of  soil  in  a  platinum  dish 
thoroughly  with  dilute  (1:1)  sulphuric  acid,  dispel  the 
excess  of  add  by  gentle  heat  over  a  low  flame,  exer- 
dsing  care  that  no  loss  occurs  from  spurting.  Next  treat 
with  2  to  3  cc.  hydrofluoric  acid  (free  irom  potash)  five  times, 
using  a  platinum  rod  to  stir  occasionally,  and  evaporate  each  time 
to  apparent  dryness  on  a  water-bath,  but  just  before  going  to  dry- 
ness the  last  time  i  cc.  dilute  sulphuric  acid  is  added  and  the  heat- 
ing continued  until  practically  all  hydrofluoric  acid  and  water  have 
been  driven  o£F.  liie  dish  is  then  heated  over  a  small  flame  until 
the  evolution  of  sulphur  trioxide  ceases.  When  this  is  finished, 
about  20  cc.  distilled  water,  slightly  addified  with  hydrochloric 
add,  is  added,  and  digested  on  a  water-bath,  stirring  occasionally 
until  the  liquid  has  been  reduced  to  about  one-third  of  its  original 
volume.  By  this  time  complete  solution  of  the  potash  has  been 
effected,  and  the  whole  contents  of  the  dish  are  transferred  with 
water  to  a  200  cc.  graduated  flask,  which  is  afterwards  heated  on 
a  water-bath  to  near  boiling,  when  ammonia  and  ammonium  oxa- 
late are  added  in  sufficient  quantities  to  predpitate  all  iron^ 
altimina  and  caldum  present  (2  cc  have  been  found  suffident). 
Allow  the  solution  to  cool,  shaking  two  or  three  times  during  cool- 
ing to  reduce  the  error  of  ocdusion  as  much  as  possible.  The 
volume  is  then  made  to  200  cc,  and  an  aliquot  portion  correspond- 

*  This  Jovmal,  aj,  S-12. 
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ing  to  2  |2frams  of  soil  is  filtered  off  into  a  porcelain  dish  and 
evaporated  to  semi-dryness  on  a  water-bath,  finishing  by  heating 
cautiously  over  a  gentle  flame,  being  careful  that  loss  occurs 
neither  from  creeping  nor  decrepitation.  When  dry,  ignite  gently 
to  decompose  oxalates  and  expel  ammonium  salts.  Take  up  with 
ID  to  15  cc.  of  hot  distilled  water,  acidify  with  3  or  4  drops  of 
hydrochloric  acid,  and  filter.  Determine  the  potash  in  the  filtrate 
by  precipitation  with  chloroplatinic  acid,  etc.,  as  directed  in  the 
regular  Lindo-Gladding  method. 


[Contribution  from  the  University   of   Illinois,   Agricultural 

Experiment  Station,  No.  9.] 
IMPROVED  nETHOD   FOR   SEPARATION  AND   DETERni- 
NATION  OF  TOTAL  ALKALIES  IN  SOILS. 

By  J.  H.  Pkttit. 
RccelveH  February  xj.  1903. 

WniLK  working  upon  soils  in  this  laboratory,  considerable 
difficulty  was  found  in  the  determination  of  the  total  alkalies.  The 
method  used  was  that  outlined  in  the  "Methods  of  Analysis  of  the 
Association  of  Official  Agricultural  Chemists."  By  this  method 
the  iron,  aluminum,  phosphorus,  and  magnesium  are  removed 
from  the  hydrochloric  acid  solution,  by  precipitating  with  barium 
hydroxide.  From  the  filtrate,  barium  and  calcium  are  precipitated 
by  ammonium  hydroxide  and  ammonium  carbonate.  This  filtrate 
is  evaporated  to  dryness,  the  ammonium  salts  driven  off,  and  the 
residue  taken  up  with  a  little  hot  water.  Ammonium  carbonate  is 
again  added  to  remove  the  last  traces  of  barium,  the  solution  fil- 
tered, the  filtrate  evaporated  to  dryness  in  platinum  dishes,  and 
the  chlorides  of  the  alkalies  ignited. 

It  was  found,  however,  that  considerable  barium  carbonate  re- 
mained with  the  ignited  alkalies.  This  appeared  as  a  thin  white 
layer  in  the  bottom  of  the  platinum  dishes,  when  hot  water  was 
added.  Also,  by  the  addition  of  ammonium  carbonate  to  this 
more  concentrated  solution,  more  barium  was  precipitated.  This 
process  of  precipitation,  filtration,  and  evaporation  was  necessarily 
repeated  five  or  six  times  before  a  constant  weight  of  chlorides 
was  obtained.  Further,  it  was  found  that  in  this  solution,  in 
which  ammonium  carbonate  finally  gave  no  precipitate,  the  addi- 
tion of  a  solution  of  ammonium  sulphate  gave  a  precipitate  of 
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barium  sulphate.    Ten  determinations  of  the  barium  in  such 
solutions  gave  the  following  weights  of  barium  sulphate : 

Gram.  Gram. 

I 0.0065  6 0.0080 

2 0.0083  7 0.0113 

3 0.0088  8 0.0107 

4 0.0075  9 0.0099 

5 0.0061  10 o.oiil 

As  the  weight  of  the  total  alkalies  is  often  under  20  mg.  the 
presence  of  such  amounts  of  barium  would  give  rise  to  consider- 
able error  in  the  determination.  Accordingly,  the  usual  method 
was  modified  as  follows :  Just  previous  to  evaporating  the  solu- 
tion of  the  chlorides,  in  platinum  dishes,  a  few  cubic  centimeters 
of  an  ammonium  sulphate  solution — 75  gjams  to  the  liter — are 
added.  The  precipitate  is  filtered  out  and  the  filtrate  evaporated 
as  usual,  in  platinum  dishes,  and  ignited.  In  this  way,  the  barium 
is  completely  removed  at  one  operation,  and  the  alkalies  are 
changed  into  sulphates,  which  can  be  ignited  over  the  full  heat  of 
the  Bunsen  burner  without  danger  of  loss  through  volatilization. 
The  evaporation,  however,  must  be  to  complete  dryness,  otherwise 
there  is  danger  of  loss,  through  the  decrepitation  of  the  sulphates 
upon  Ignition.  After  igniting  to  a  red  heat,  about  i  gram  of  dry, 
powdered  ammonium  carbonate  is  added  to  the  dish  and  volatil- 
ized, thus  breaking  up  any  acid  sulphates  which  may  have  formed. 

As  a  check  upon  the  possibility  of  loss  through  volatilization, 
during  the  ignition,  four  determinations  of  the  sodium,  the  more 
volatile  of  the  two  alkalies,  as  sulphate  in  a  solution  of  chemically 
pure  sodium  chloride,  gave  the  following  weights  of  sodium  sul- 
phate: 0.0291,  0.0292,  0.0291  and  0.0290  gram.  Repeated  ignition 
over  the  Bunsen  burner  did  not  alter  these  weights.  The  weight 
of  sodium  sulphate,  calculated  from  the  weight  of  sodium  chloride 
used,  was  0.02916  gram. 

Below  are  some  duplicate  determinations  of  total  alkalies  ob> 
tained  by  this  method,  in  our  ordinary  work : 

ToUl  alk<lic«.  Total  alkalies. 

Gram.  Gram.  Gram.  Gram. 

I O.OI9t  0.0187                 9 0.0632  0.0636 

2 0.0383  0.0378                   10 0.0331  0.0331 

3 0.0288  0.0283                 II 0.0325  0.0328 

4 0.0285  0.0286                12 0.0410  0.041 1 

5 0.0332  0.0326                 13 0.0224  0.0221 

6 0.0128  0.0130                14 0.0215  0.0219 

7 0.0324  0.0320                15 0.0197  0.0106 

8 0.0124  0.0123               16 0.0277  0.0283 
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The  advantages  of  this  modified  method  are  that  the  alkalies  are 
entirely  freed  from  barimn  in  one  operation  and  are  transformed 
into  sulphates,  which  do  not  present  the  difficulties  of  ignitioii 
found  with  the  chlorides. 

Univb&sxty  op  Illinois  AORictTLTURA.L 
BzpBRXM BXT  Station. 


DOES  CHOLESTEROL  OCCUR  IN  OLIVE  OIL? 

By  Augustus  H.  Gill  and  Charles  G.  Tuprs. 

Rcceired  Febcuuyao,  1903. 

Upon  this  question  there  has  been  much  uncertainty.  Bcncke* 
stated  in  1862  that  he  believed  he  had  obtained  cholesterol  from 
olive  oil  though  the  amount  was  too  small  to  admit  of  proaf. 
Salkowski*  in  i8i37  found  the  amount  obtainable  frcHn  50  grams 
too  small  for  a  determination  of  the  melting-point,  though  the 
color  reactions  of  phytosterol  were  given,  and  he  expressed  the 
opinion  that  olive  oil  contained  neither  phytosterol  nor  cholesterol 
but  that  the  small  amount  present  in  the  sample  examined  by  him 
was  due  to  the  presence  of  olive  kernel  oil.  Gerard*  reported  in 
1892  that  he  had  obtained  phytosterol  from  olive  oil  and  had 
identified  it  by  the  melting-point.  Bomer*  declared  in  1898  that 
from  two  samples  of  Provence  oil  he  had  obtained  an  alcohol 
whose  melting-point  and  crystal  form  left  its  identity  with  phyto- 
sterol beyond  question.  In  the  same  year,  however,  Lewko- 
witsch*  stated  definitely  that  "The  unsaponifiable  matter  occurring 
in  olive  oil  is  cholesterol,  whereas  all  other  v^^table  oils  contain 
phytosterol,"  and  in  1898,  Allen«  also  stated  that  "it  (chdestcrol) 
occurs  in  olive  oil"  and  again  that  "Phytosterol  is  found  in  mort 
vegetable  oils  with  the  notable  exception  of  olive  and  pabn." 
That  Allen  was  not  unfamiliar  with  the  work  of  Bomer  seems  evi- 
dent from  the  fact  that  he  refers  to  the  article  in  which  the  latter's 
work  is  described.  Soltsien  in  1901  reported  the  detection  of 
phytosterol  in  olives  from  Bari  pressed  by  himself." 

In  view  of  the  fact  that  the  matter  was  of  interest  not  only  from 

1  Ann.  Chem.  Pkarm.,  laa,  a49-3SS* 

*  Ztxchr.  anal.  Chem.,  a6f  581. 

*  Compt.  retut.,  114,  1544-1546. 

*  Ztsckr.  Unter.  Nakr.  u  Genus.  (1898),  pp.  81-96. 

*  '*  Chemical  Analysis  of  Oils,  Pats  and  Waxes,"  second  edition,  p.  45a. 

*  "  Commercial  Organic  Analysis. '*  third  edition.  Vol.  II,  Part  i,  pp.  347  and  351. 
»  Chem.  Centrbi.,  7 J,  II.  243  (1901). 
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a  purely  scientific  standpoint  but  also  might  be  of  importance  in 
the  detection  and  analysis  of  an  important  oil,  it  seemed  desirable 
that  the  question  should  receive  further  consideration. 

The  oil  first  examined  was  the  ordinary  green  oil  of  commerce 
used  as  a  wool  oil.  Three  portions,  each  of  1.5  kilos,  were  treated 
according  to  the  method  described  in  our  article  upon  maize  oil.* 
The  unsaponifiable  matter  so  obtained  was  small  in  amount  and 
appeared  to  consist  largely  of  coloring-matter  and  other  substances 
quite  dissimilar  from  either  phytosterol  or  cholesterol.  After 
several  saponifications  with  alcoholic  potash  and  repeated  washing 
with  water,  the  residue  was  a  highly  colored  semiliquid  grease 
from  which  no  crystals  could  be  obtained  either  by  precipitation, 
successive  treatment  with  small  portions  of  alcohol,  or  slow  evapo- 
ration from  solution  in  either  strong  or  dilute  alcohol.  The  color 
reactions  of  this  group  of  compounds  were  given  in  all  cases.  The 
residues  from  the  three  portions  of  oil  were  combined  and  boiled 
an  hour  with  an  excess  of  benzoyl  chloride;  the  product  was 
washed  with  small  portions  of  alcdiol  and  saponified.  After  two 
recrystallizations,  the  partially  purified  alcohol  was  boiled  with 
an  excess  of  acetic  anhydride;  on  washing  the  resulting  acetate 
with  alcohol  and  then  saponifying,  a  crystalline  substance  was  ob* 
tained  which,  though  small  in  amount  and  still  too  impure  for  a 
determination  of  the  melting-point,  consisted  of  the  easily  recog- 
nizable six-sided  plates  characteristic  both  of  phytosterol  and  of 
sitosterol. 

As  the  evidence  afforded  by  the  above  examination  was  incon- 
clusive, it  seemed  important  to  obtain  an  olive  oil  which  should 
contain  the  substance  sought  in  greater  quantity ;  it  was  thought 
that  this  would  be  the  case  with  oils  drawn  from  the  most  mature 
fruits.  An  oil  was  therefore  chosen  which  had  been  pressed  from 
fully  ripened  olives;  it  was  a  Califomian  vir^n  oil  of  a  light 
yellow  color  and  strong  heavy  taste.  The  specific  gravity  at  15* 
C.  was  0.917  and  the  iodine  value  83.5;  the  oil  was  of  known 
origin  and  quite  free  from  any  adulteration. 

One  kilo  of  this  oil,  extracted  as  before,  yielded  at  once  a  light 
yellow  crystalline  mass  which,  after  a  second  saponification  and 
washing,  was  recrystallized  from  alcohol.  The  yield  of  impure 
crystals  was  0.093  P^^  c^*» 

To  determine  whether  the  finally  purified  alcohol  was  a  single 

1  This  Journal,  ag,  254. 
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compound  or  had  been  mixed  with  other  substances,  the  mother- 
liquors  from  the  various  recrystallizations  were  themsdves  re- 
crystallized.  All  yielded  crystals  identical  in  form ;  the  tndting- 
points  were  a  trifle  lower  than  that  of  the  main  portion,  but  tius 
may  be  due  to  the  iztt  that  as  the  amounts  were  smaller  they  ooald 
not  be  quite  as  completely  purified.  The  variation  was  in  no  case 
greater  than  2**.  The  crystals  obtained  from  the  mother-liquors 
were  used  in  preparation  of  the  esters  as  well  as  the  main  portion. 

The  bromide  was  made  by  treatment  of  the  solution  in  carbon 
tetrachloride  with  a  dilute  solution  of  bromine:  the  action  was 
slow.  Half  an  hour  after  the  bromine  had  been  added,  apparently 
in  slight  excess,  the  solution  was  completely  decolorized  and  two 
further  additions  of  bromine  were  followed  by  the  same  result. 
The  melting-point  was  not  determined,  as  purification  was  difficult 
and  the  compound  turned  black  on  standing. 

The  acetate  was  prepared  by  boiling  an  hour  with  an  excess  of 
acetic  anhydride,  and  formed  oblong  flat  plates  melting  at  iao.3*- 
120.7**. 

The  propionate  was  prepared  similarly  from  propionic  anhy- 
dride and  also  formed  oblong  plate  crystals;  the  melting-point 
was  i02.5**-i03.5**. 

The  benzoate,  like  the  preceding  esters,  was  made  from  the 
anhydride  and  formed  oblong  plates ;  it  was  noticed  that  in  some 
cases  the  longer  sides  were  apparently  not  quite  parallel.  The 
melting-point  was  I45**-I45.5**. 

The  melting-point  of  the  alcohol  itself,  even  when  pure,  was 
found  to  vary  somewhat  with  the  conditions  under  which  it  was 
taken.  When  first  prepared  and  dried  at  lOO**,  the  melting-point 
was  I34**-I34.5*' ;  some  days  later,  after  exposure  to  the  air,  it 
was  found  to  be  I32**-I33**.  To  examine  tfiis  depression  more 
closely,  the  propionate,  which  had  been  carefully  purified,  was 
saponified ;  the  product  rapidly  recrystallized  five  times  by  chilling 
the  solution  in  hot  alcohol,  and  the  crystals  were  then  dried  at 
100**.  The  melting-point,  determined  immediately,  was  I3S'- 
135.5**;  after  twenty-four  hours  it  was  found  to  be  I33*-I33-S* 
and  after  seventy-two  hours  I32.5**-I33**.  In  this  coanectioo  it 
may  be  of  interest  to  state  that  although  no  such  rapid  fall  was 
noticed  in  the  case  of  the  sitosterol  from  maize  oil,  a  portion  of 
this  latter  substance,  which  originally  melted  at  138",  examined 


DOBS  CHOLESTEROL  OCCUR  IN  OLIVE  OIL  ?  5OI 

about  eighteen  months  after  preparation,  having  been  protected 
meanwhile  from  light,  showed  a  melting-point  of  128** -130**. 

A  sample  of  phytosterol  from  olive  oil  which  had  been  prepared 
by  twice  saponifying  the  propionate  melting  at  ioi.5®-i03.5*  and 
recrystallizing  the  product  three  times,  showed,  two  weeks  after 
preparation  and  after  five  days'  heating  in  a  dark  closet  at  about 
90"*  C,  a  melting-point  of  99**-i03** ;  the  melting-point  of  the  same 
sample  after  about  six  hours'  heating  was  i27**-i29''.  The  phyto- 
sterol showed  as  a  result  of  the  longer  heating  a  faint  yellow 
color.  The  melting-point,  in  all  cases,  was  determined  in  a  straight 
capillary  tube  attached  to  the  stem  of  a  small  bulbed  thermometer 
suspended  in  a  150  cc.  flask  of  concentrated  sulphuric  acid.  The 
flask  was  supported  about  an  inch  above  an  iron  plate  which  was 
heated  by  a  small  flame.  The  temperature  was  brought  fairly 
rapidly  to  within  15**  to  20**  of  the  melting-point  and  the  rise  was 
then  reduced  to  about  2**  a  minute.  When  within  2®or  3®  of 
the  melting-rpoint,  the  rate  was  made  about  0.2**  a  minute  and  was 
there  maintained  until  melting  was  complete.  This  observed 
depression  of  the  melting-points  may  perhaps  explain  the  varying 
values  recorded  in  the  literature.  The  crystal  form  of  the  alcohol 
from  olive  oil  closely  resembled  that  of  the  sitosterol  from  maize 
oil.  The  color  reactions  of  the  two  compounds  were  the  same. 
The  identification  of  the  compoimd  is  the  more  difficult  because 
observers  have  disagreed  upon  the  melting-points  of  these  alcohols 
as  well  as  upon  their  esters. 

The  following  table  shows  the  melting-points  which  would  seem 
to  be  the  most  trustworthy  given  by  various  investigators  for 
phytosterol.  sitosterol,  cholesterol  and  the  body  from  olive  oil,  and 
their  esters. 


502 


DOBS  CHOLBSTBROL  OCCUR  IN  OLIVB  Oil,  ? 


PhytcMterol. 

SlUtttcrol. 

oliipcoO. 

I32**-I36** 

I37.5*" 

135*-I35.5* 

136^141.5* 

136.5* 

135-136.5" 

138^ 

135.5-136^" 

120^ 

127* 

i2a3-iaotf 

117-126^ 

127.1' 

"3.5-I35* 

iao-i2i* 

142-146^ 

I45-I45.5*" 

145-145-!^ 

144-147' 

I42-I42.5* 

104-116^ 

io8.s« 
108.4* 

io2.5-ip3^ 

CholcsteroL 
Alcohol I46*-I47** 

Acetate t...  113-114' 

Benzoate 145-145.5' 

Propionate 97'-98' 


The  melting-points  in  the  above  table  Would  seem  conclusife 
evidence  that  the  alcohol  from  olive  oil  is  not  cholesterol.  Though 
the  benzoates  of  the  two  compounds  have  the  same  rndting-pomti 
the  olive  oil  compound  did  not  show  the  double  melting-point 
characteristic  of  cholesterol  benzoate  and  gave  oblong  plate  crys- 
tals, while  cholesterol  benzoate  crystallizes  in  qtiadratic  tables.^ 
Furthermore,  the  propionate  was  carefully  examined  for  the  pbj 
of  colors  on  cooling,  stated  by  ObermuUer**  to  be  an  easily  recog- 
nizable and  characteristic  test  for  cholesterd,  and  no  colors  were 
detected.  The  difference  in  the  manner  of  growth  and  in  die 
crystalline  form  of  the  olive  oil  alcohol  and  of  the  cholesterol  from 
wool  grease,  which  was  examined  simultaneously,  is  quite  unmis- 
takable. 

The  further  identification  is  rendered  difficult  by  the  fact  that 
under  the  general  term  "phytosterol"  have  been  included  alcohols 
which  it  seems  probable  are  not  identical.  Thus  the  alodiols 
from  rapeseed  oil  and  from  cottonseed  oil  are  both  called  "phyto- 
sterol,"  though  the  melting-points  of  the  acetates  are  in  one  case 
I34°-I35'*  and  in  the  other  I23.s''-I24*. 

In  the  following  table  are  brought  together  the  values  forsito- 

1  Reinitzer :  Afonatsh.  Chem.^  o,  421  (1888). 
s  Mauthner  and  Suida :  Ibid.^  15,  367  (1894). 
>  Ritter :  Ztschr.  pkviioL  Chtm,^  34,  461. 
<  v.  Mpman  :  Ber.  d.  ehem.  Get,,  so,  jaoi  (1887). 
»  HesM :  Ann.  Chem.  (Ucbig),  199,  175. 

•  HeflM :  Ibtd.,  ai8,  296  (1885). 

7  Jacobaen :  Ztschr.  pkysiol.  Chtm.^  13,  3a  (1889). 

«  B6mer  and  Winter :  Ztschr.  UnUr.  Nahr.  «.  Genus,^  4,  864  (1901). 

*  Gill  and  Tufts :  This  Journal,  3$,  254. 
10  Gerard:  Compt,  Remd.,  114, 1544  (1899). 

»  B5mer:  Ztschr.  Unter.  Nahr.  u.  Genus.,  (1898),  p.  8x. 
X  Ztschr.  physioL  Chem.,  13,  39  (1891). 
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Sterol  from  maize  oil  and  from  wheat,  for  the  alcohol  from  olive 
oil,  and  for  the  phytosterol  from  cottonseed  oil. 

Sitosterol.  Alcohol  from  olive  oil.        Phytofterol. 

Alcohol I56.5«>-I38««»»  I35**-136.5***'  136^-137*** 

Acetate 127***  120.3-120.7'  123.5-124* 

120-121* 

Propionate 108.5'**  102.5-103.5'  104-105* 

Benzoate i42-r45.5*'«'»  I45-I45.5'  142-143* 

While  the  differences  here  are  less  marked  than  in  the  case  of 
the  olive  oil  alcohol  and  cholesterol,  the  melting-points  seem,  on 
the  whole,  to  indicate  that  the  compound  from  olive  oil  resembles 
the  phytosterol  from  cottonseed  oil  more  than  sitosterol  from  maize 
oil  or  from  cereals,  and  is  undoubtedly  phytosterol  and  not 
cholesterol. 
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In  1891  Hempel  and  Dennis  described  a  method*  for  the  volu- 
metric determination  of  certain  hydrocarbons  that  are  usually 
present  in  illuminating  gas.  Up  to  that  time,  all  hydrocarbons  in 
this  product,  with  the  exception  of  methane,  bad  been  determined 
by  absorption  with  fuming  sulphuric  acid  and  had  been  classed 
under  the  general  term  "heavy  hydrocarbons."  It  is  true  that 
Bunsen^  gives  an  analysis  of  illuminating  gas  in  which  the  per- 
centages of  benzene,  ethylene  and  propylene  are  stated,  but  the 
amounts  of  these  three  gases  were  calculated  l^y  means  of  equa- 
tions from  the  results  of  explosions  with  air  and  oxygen,  and  the 
calculation  was  based  upon  the  assumption  that  the  heavy  hydro- 
carbons in  the  gas  consisted  only  of  ethylene,  propylene  and  ben- 
zene. It  was  ascertained  by  Hempel  and  Dennis  that  certain  hy- 
drocarbons such  as  benzene  and  naphthalene  could  be  removed, 
in  part  at  least,  by  means  of  absolute  alcohol,  the  remainder  of  the 
heavy  hydrocarbons  being  then  absorbed  by  fuming  sulphuric  acid 
and  the  methane  being  finally  determined  by  explosion  or  combus- 

>  Manthner  and  Suida:  Aitmaish,  Chem.,  1$,  31S7  (1894). 
«  Ritter:  Zischr.  pkysiol.  Okem.,  34,  461. 

*  GUI  and  Tufts:  1  hit  Journal,  aj,  254. 

4  B0mcr:  Zisckr.  Unter,  Nahr.  «.  Genus.  (189S),  p.  81. 
»  BOmer  and  Winter:  /Hd.,  4,  864  (1901). 

•  Ber.  d.  chtm.  Gft.^  94, 1163. 

f  **  Gaaomctriachc  Methoden,"  second  edition,  (1S77),  p.  14a. 
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tion.     In  1894  Koyes  and  Blinks  adapted^  the  method  of  Hempcl 
and  Dennis  to  the  Bunte  burette. 

Recent  work  in  this  laboratory,  however,  has  shown  that  while 
the  absorption  of  benzene  by  means  of  alcohol  may  sometimes  give 
agreeing  results,  the  removal  of  the  benzene  is  usually  by  no  means 
complete  and  the  results,  at  times,  show  wide  variations.  The 
following  analyses  are  given  in  confirmation  of  this  statement 
Air  was  drawn  into  a  Hempel  burette  containing  water  as  the 
confining  liquid,  and  was  measured.  It  was  then  passed  into  a 
gas  pipette  containing  benzene  and  was  drawn  back  into  the 
burette  and  the  increase  in  volume  noted.  The  mixture  of  benzene 
and  air  was  next  passed  into  a  pipette  containing  mercury  and  3 
cc.  of  absolute  alcohol,  and  was  shaken  for  three  minutes  in  contact 
with  the  alcohol.  The  residue  was  then  drawn  back  into  the 
burette  and  was  passed  into  a  pipette  filled  with  water  and  was 
shaken  with  that  liquid  for  three  minutes  to  remove  the  vapor  of 
alcohol.  The  gas  was  now  drawn  back  into  the  burette  and 
measured.    The  results  were: 

Tabids  I.  i. 

cc. 

Air  taken ' 67.0 

Air  plus  benzene  (CeH«) 73.0 

After  shaking  with  alcohol 60.0 

After  shaking  with  water 68.4 

Benzene  taken 6.0 

Benzene  found 4.6 

Experiments  were  next  tried  to  ascertain  whether  repeated 
treatment  with  alcohol  would  remove  all  of  the  benzene,  and,  as 
will  be  seen  from  the  table  below,  it  appears  that  this  reagent  is 
unable  to  remove  benzene  completely  from  mixtures  of  that  sub- 
stance with  air. 

TaBLK  II  PmhabMtaie 

alcohol. 

I.  II.  III.  IV.  V. 

cc.  cc.  cc.  cc  «. 

Airtaken 58.6       60.1        63.0       56.8      67.9 

Air  plus  benzene •.  63.8        64.6        67.0       61.0      7^^ 

After  shaking  with  alcohol 59.8        61 .6        63.8        57.8 

After  shaking  with  water 59.4        61.  i        63.8       57.6 

After  second  shaking  with  alcohol  •  -  •  •  59.2  1 

After  second  shaking  with  water 59.  i 

After  third  shaking  with  alcohol 59.  i 

After  third  shaking  with  water 59.  i 

After  |)asiing  residue  into  fuming  sul- 
phuric acid  and  then  into  the  potas- 
sium hydroxide  pipette 58.7        60.  a      .  62.9 

>  This  Joumal,  i6,  697. 


II. 

HI. 

cc. 

cc. 

50.0 

52.» 

5*s 

57.0 

51.8 

54-2 

51.4 

53-7 

4.0 

4.B 

2.6 

3-3 

BENZHNH  IN  ILLUMINATING  GAS.  505 

It  was  therefore  apparent  from  these  results  that  for  the  com- 
plete and  speedy  removal  of  benzene  from  illuminating  gas  some 
absorbent  other  than  absolute  alcohol  must  be  employed. 

In  1897  Hofmann  and  Kuspert  described^  certain  compounds 
of  hydrocarbons  with  metallic  salts  and  stated  that  when  illumi- 
nating gas  acts  upon  a  mixture  of  nickel  hydroxide  and  aqua  am- 
monia, there  results  a  compound  of  nickel  cyanide  with  ammonia 
and  benzene,  Ni(CN)2.NH:,.CeH6.  This  statement  led  the 
authors  of  the  present  paper  to  examine  into  the  action  of  an 
ammoniacal  nickel  solution  upon  benzene  with  the  view  to  ascer- 
taining whether  a  method  could  be  developed  for  the  volumetric 
determination  of  the  benzene  that  is  present  in  the  form  of  vapor 
in  g^s  mixtures..  Sufficient  of  the  absorbent  to  fill  a  Hempel 
simple  absorption  pipette  (about  150  cc.)  was  prepared  by  dis- 
solving 25  grams  of  crystalline  nickel  nitrate,  Ni(N03)2.6H,0,  in 
50  cc.  of  water  and  adding  50  cc.  of  strong  aqua  ammonia.  The 
solution  was  allowed  to  cool,  was  decanted  from  anv  salt  that 
separated  out  and -strong  aqua  ammonia  was  then  added  until  the 
volume  amounted  to  150  cc.  The  solution  loses  its  efficiency  if  di- 
luted with  water,  and  its  absorptive  power  is  greatly  diminished  if 
nickel  hydroxide  is  present  in  suspension.  The  anal3rtical  results 
given  in  this  paper  were  obtained  with  the  reagent  prepared  in 
this  manner.  Experiments  showed  that  this  solution  absorbed 
nothing  from  air,  but  that  when  shaken  with  a  volume  of  air  it 
gave  off  a  small  amount  of  ammonia  gas.  In  the  first  series  ol 
experiments  it  was  sought  to  remove  this  ammonia  by  passing  the 
gas  mixture  into  a  Hempel  pipette  filled  with  water,  but,  since  this 
did  not  entirely  remove  the  ammonia,  it  was  found  necessary  to 
use  in  place  of  the  water  a  5  per  cent,  solution  of  sulphuric  acid. 

Later  experiments  made  in  this  laboratory  by  Mr.  W.  C.  Geer 
have  shown  that  it  is  possible  to  prepare  the  reagent  in  such  man- 
ner as  to  do  away  with  the  necessity  of  the  treatment  of  the  gas 
mixture  with  dilute  sulphuric  acid.  The  method  of  preparation 
of  the  reagent  is  as  follows:  Forty  grams  of  nickel  nitrate  are 
dissolved  in  160  cc.  of  water  to  which  has  been  added  2  cc.  of  nitric 
acid  of  specific  gravity  1.44.  This  solution  is  poured  slowly  with 
constant  stirring  into  100  cc.  of  ammonium  hydroxide,  specific 
gravity  0.908.  The  resulting  deep  blue  solution  is  used  in  the 
absorption.     It  has  a  very  slight  tinge  of  lavender.    The  odor  of 

*  Ztichr.  anorg.  Chem.,  15,  204. 
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ammonia  is  noticeable,  but  is  not  strong*  The  few  analyses  that 
have  been  made  with  the  reagent  prepared  in  this  manner  indicate 
that  it  is  similar  in  acticHi  to  that  prepared  as  above  described  and 
that  it  is  equally  efficient  It  should,  however,  be  more  thoroughly 
tested  before  complete  reliance  is  placed  upon  it. 

In  the  series  of^  experiments  described  in  the  {(lowing  pages^ 
the  analyses  were  carried  out  in  a  "simple"  Hempel  burette  pro- 
vided with  a  water  jacket,  and  water  was  used  ^s  the  confining 
liquid. 

Experiments  were  first  made  to  ascertain  whether  benzene 
vapor  mixed  with  air  can  be  quantitatively  absorbed  by  the  am- 
moniacal  nickel  solution  just  described.  The  gas  mixture  was 
first  passed  into  a  pipette  containing  the  ammoniacal  nickel  sdu- , 
tion  and  was  shaken  with  that  reagent  for  three  minutes.  It  was 
then  drawn  back  into  the  burette,  passed  into  a  pipette  containing 
mercury  and  5  cc.  of  5  per  cent,  sulphuric  add  and  was  shaken 
for  three  minutes,  being  then  drawn  back  and  measured. 

Tablb  III. 

I.  II.        m. 

cc.  oc  ot. 

AirUkcn 52.7  48.6  51.3 

Air  plus  benzene 56.4  52.4  55.2 

After  shaking  with  ammoniacal  nickel  nitrate  solution*  53.2  49.0  51.9 

After  shaking  with  5  per  cent,  sulphuric  acid-  •  ^ 52.7  48.6  51.3 

Benzene  taken 3.7  3.8  3.9 

Benzene  found 3.7  3.8  3.9 

The  above  results  show  that  benzene  vapor  is  quantitatively 
absorbed  by  treatment  with  an  ammoniacal  nickel  solutum  ftt- 
pared  as  above,  when  the  gas  mixture  is  shaken  with'  the  reagent 
for  three  minutes.  Results  of  approximate  accuracy  can  be  ob- 
tained by  using  a  simple  burette  without  water  jacket,  but  there 
seems  to  be  a  slight  heating  of  the  gas  mixture  resulting  from  the 
absorption  of  the  ammonia  gas  by  the  dilute  sulphuric  add,  this 
rise  in  temperature  being  sufficient  to  cause  appreciable  error  in 
the  final  reading.  To  ascertain  whether  the  time  necessary  for  the 
absorption  of  the  benzene  could  be  reduced,  other  mixtures  of 
benzene  and  air  were  prepared  and  were  shaken  with  the  absorbent 
for  one  minute,  for  two  minutes,  and  for  three  minutes.  The  re- 
sults, which  need  not  here  be  inserted,  showed  that  a  three-minute 
shaking  of  the  gas  mixture  with  the  absorbent  is  necessary  for  At 
complete  removal  of  the  benzene. 
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The  next  point  to  be  ascertained  was  whether  the  nickel  solution 
would  absorb  other  constituents  of  illuminating  gas  and  would  so 
interfere  with  their  determination  as  to  render  its  use  for  the 
absorption  of  benzene  impossible.  Measured  amounts  of  carbon 
dioxide  were  mixed  with  measured  amounts  of  air  and  this  mix- 
ture was  passed  into  a  pipette  containing  the  nickel  solution.  As 
was  to  be  expected,  the  carbon  dioxide  was  completely  removed. 
It  had  already  been  found  that  the  nickel  solution  had  no  effect 
upon  air,  and  consequently  the  absorption  of  oxygen  in  the  illumi- 
nating gas  by  this  reagent  did  not  need  further  examination.  To 
ascertain  whether  carbon  monoxide  and  the  unabsorbable  residue, 
consisting  chiefly  of  methane,  hydrogen  and  nitrogen,  is  affected 
by  the  nickel  solution,  the  heavy  hydrocarbons  were  removed  from 
100  cc.  of  illuminating  gas  by  metos  of  fuming  sulphuric  acid  and 
potassium  hydroxide,  and  the  residue  was  then  shaken  for  three 
minutes  with  the  nickel  solution  and  then  with  the  dilute  sulphuric 
acid.  No  diminution  in  volume  resulted.  Prom  these  experi- 
ments it  appears  that  the  ammoniacal  nickel  solution  beyond  re- 
moving, wholly  or  in  part,  the  hydrocarbons  other  than  methane, 
absorbs  no  other  gas  except  carbon  dioxide,  but  the  fact  that  this 
last-named  gas  is  removed  by  the  reagent  makes  it  impossible  to 
use  the  nickel  solution  for  the  removal  of  benzene  and  allied  car- 
bons, and  still  adhere  to  the  order  that  is  usually  followed.^ 
In  the  customary  procedure  the  hydrocarbon  vapors  are  first  ab- 
sorbed by  alcohol,  then  carbon  dioxide  by  caustic  potash,  and  then 
the  so-called  heavy  hydrocarbons  by  fuming  sulphuric  acid. 
Hempel  and  Dennis  state'  that  carbon  dioxide  may  not  first  be  re- 
moved by  means  of  potassium  hydroxide  because  benzene  is 
soluble  in  that  reagent.  Experiments  were  made  to  ascertain 
whether  this  statement  is  correct.  A  measured  volume  of  air  was 
mixed  with  a  measured  volume  of  benzene  vapor  and  this  mixture 
was  passed  over  into  a  pipette  containing  potassium  hydroxide. 
No  diminution  in  volume  resulted.  It  therefore  appears  that  the 
absorption  of  carbon  dioxide  by  potassium  hydroxide  may  prop- 
erly precede  the  absorption  of  benzene.  To  be  perfectly  sure  upon 
this  point,  however,  the  following  experiment  was  made :  Three 
Muencke  wash-bottles  containing  clear  barium  hydroxide  solution 
were  connected  together  and  illuminating  gas  was  passed  through 

1  Hempel-Dennit*!  **  Oas  Analysis**  (1903},  p.  aSa. 
t  Jhid,^  p.  a8i. 


508  L.  M.  DENNIS  AND  J.  G.  O'NBILL. 

this  chain.  The  carbon  dioxide  present  in  the  gas  was  completely 
removed  by  the  reagent  in  the  first  bottle.  The  gas  issuing  from 
the  third  bottle  was  therefore  free  from  carbon  dioxide,  but  could 
safely  be  assumed  to  contain  some  of  all  of  the  other  constituents 
of  illuminating  gas.  lOO  cc.  of  the  gas  issuing  from  the  third 
bottle  was  drawn  off  into  a  Hempel  burette  and  was  then  passed 
over  into  the  caustic  potash  pipette.  No  decrease  in  volume  took 
place.  A  repetition  of  this  experiment  gave  the  same  result,  and 
there  was  thus  obtained  confirmation  of  the  statement  made  above, 
that  potassium  hydroxide  removes  nothing  from  illuminating  gas 
except  carbon  dioxide. 

Experiments  were  next  undertaken  to  ascertain,  if  possible,  the 
nature  of  the  hydrocarbons  removable  by  alcohol  and  by  the  am- 
moniacal  nickel  solution.  These  hydrocarbons  probably  consist 
largely  of  ethylene,  propylene,  and  benzene.  Ethylene  was  pre- 
pared by  treating  pure  ethylene  bromide  with  a  zinc-copper  couple. 
The  purity  of  the  gas  was  tested  by  passing  it  into  fuming  sul- 
phuric acid,  the  confining  water  in  the  burette  having  first  been 
saturated  with  the  ethylene.  Ten  cc.  of  the  gas  left  a  residue  of 
0.2  cc,  showing  a  purity  of  98  per  cent.  Measured  volumes  of 
air  were  now  mixed  with  measured  volumes  of  this  gas  and  the 
mixture  was  then  passed  into  a  pipette  containing  the  nickel 
solution  and  then  into  a  pipette  containing  mercury  and  5  cc.  of  5 
per  cent,  sulphuric  acid.     The  results  obtained  were : 

Table  IV. 

I.  ir.         ni- 

ce, cc.  cc. 

Airtaken 492        5»-5       48° 

Air  plus  ethylene 580        60.8       54-2 

After  shaking  with  ammoniacal  nickel  nitrate  solution .  58.8        62.4       55.1 

After  shaking  with  5  per  cent,  sulphuric  acid 57.9        60.9       54-^ 

It  therefore  appearing  that  ethylene  is  not  taken  up  by  the 
nickel  solution,  experiments  were  next  carried  out  to  ascertain 
whether  benzene  and  ethylene  could  be  separated  by  means  of  the 
nickel  solution.    The  results  of  these  experiments  follow : 

Table  V. 

I.  II.         III.       i^ 

cc.  cc.  cc.  * 

Airtaken y>.2  60.7  48.9  54-4 

Air  plus  benzene 53*o  64-3  51*1  57*' 

Air  plus  benzene  plus  ethylene 57.6  68.7  57.2  64-4 

After  shaking  with  ammoniacal  nickel  nitrate 

solution  and  then  with  5  per  cent,  sulphuric 

acid 54.7  65-2  54.9  ^''^ 
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I.  n.  in.         IV. 

cc.  cc.  cc.  cc.. 

Bensene  taken a.8         3.5         a.a         a.8 

Benzene  found a.9         3.5  a.3  a.8 

After  shaking  the  residue  with  absolute  alcohol 

and  then  with  water 53.4        64.6       54.7        61. i 

After  treatment  with  fuming  sulphuric  acid 

and  then  with  potassium  hydroxide 50.7        61.3        49.7        55.3 

Ethylene  taken  (88  per  cent,  pure ) 4.6         4*5         6.  i  7.2 

Ethylene  found  by  alcohol i .3         0.6         o.a         0.5 

Ethylene  found  by  fuming  sulphuric  acid  and 

potassium  hydroxide  after  alcohol 2.7  3.3  5.0  5.8 

Total  ethylene  found 40         3.9         5.2  6.3 

Ethylene  taken  (corrected  volume ) 4.04        3.9         5.36        6.3 

The  results  in  Table  V  show  that  a  satisfactory  separation  of 
benzene  frpm  ethylene  and  probably  from  the  other  hydrocarbons 
of  the  ethylene  series  may  be  effectd  by  first  shaking  the  gas  mix- 
ture with  the  ammoniacal  nickel  nitrate  solution  for  three  minutes, 
and  then  with  a  5  per  cent,  solution  of  sulphuric  acid  for  the  same 
length  of  time. 

It  was  hoped  that  it  might  be  possible  to  remove  the  ethylene 
series  of  hydrocarbons  by  means  of  absolute  alcohol  before  sub- 
jecting the  illuminating  gas  to  treatment  with  fuming  sulphuric 
acid.  If  this  were  possible,  the  hydrocarbons  would  be  divided, 
analytically,  into  three  distinct  groups;  and.  a  much  clearer  idea  of 
the  illuminants  in  the  gas  could  then  be  obtained  from  the  results 
of  a  volumetric  analysis  than  is  possible  under  the  present 
methods.  The  results  in  Table  V  have  shown  that  the  absorption 
of  ethylene  by  alcohol  is  far  from  complete,  and,  moreover,  that  the 
results  of  such  absorption  are  by  no  means  constant.  It  was 
thought  desirable,  however,  before  abandoning  the  separation  by 
alcohol  to  try  the  method  with  illuminating  gas,  and  in  Table  VI 
the  results  of  these  experiments  are  given.. 

TABI.K  VI. 

I.  II.  III.  IV. 

oc.  cc.  fcc.  CO. 

Carbon  dioxide 1.2        1.2        i.i        i.i 

Benzene  by  nickel  solution  and  dilute  sulphuric 

acid  1.2        i.o        i.o        i.o 

Hydrocarbons  removed  by  absolute  alcohol    and 

water 1.5        0.3        1.3        0.5 

Heavy  hydrocarbons  removed  by  fuming  sulphuric 

acid  and  potassium  hydroxide 2.3       3.5        2.6       3.4 

Total  hydrocarbons  absorbed  by  the  three 

reagents 5.0       4-8       4-9       4-9 
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These  results  demonstrate  conclusively  that  absorption  by  alco- 
hol can  not  be  employed  for  the  purpose  in  hand  and  that  at  the 
present  time  the  gas  analyst  must  content  himself  with  the  absorp- 
tion of  benzene  by  the  nickel  solution  and  the  subsequent  absorp- 
tion of  the  so-called  heavy  hydrocarbons  by  fuming  sulphuric 
acid.  In  Table  VII  are  given  four  analyses  of  illuminating  gas, 
showing  the  accuracy  of  the  determinations  of  carbon  dioxide, 
benzene,  and  the  heavy  hydrocarbons. 

Table  VII. 

I.  IL  HL         IT. 

CC.  GC.  OC.  OC 

Carbon  dioxide 1.2        i.a        1.2       IJ 

Benzene  by  nickel  solution  and  dilute  salphuric 

acid i.o        i.o       0.9      0.9 

Heavy  hydrocarbons  removed  by  fuming  sulphuric 

add  and  potassium  hydroxide 4.0       3.9       3.9      4-o 

Total  hydrocarbons 5.0        4.9        4.8       4<9 

Before  the  ammoniacal  solution  of  nickel  nitrate  and  the  5  per 
cent,  solution  of  sulphuric  acid  are  used  for  the  absorption  of  ben- 
zene, the  reagents  should,  of  course,  be  saturated  with  the  other 
constituents  of  the  gas  mixture  in  the  usual  manner.^  If  die 
reagents  in  the  pipettes  have  been  used  for  analysis  of  illumi- 
nating gas,  they  should  not  be  used  in  the  examination  of  gener- 
ator gas  or  of  any  other  gas  mixture  differing  appreciably  from 
the  illuminating  gas,  for  the  gases  that  have  been  dissolved  Iqr 
the  reagent  when  it  was  shaken  with  the  illuminating  gas  would 
escape  into  another  superimposed  gas  mixture,  if  this  latter  did  not 
contain  these  dissolved  gases  at  approximately  the  same  partial 
pressure  as  that  at  which  they  existed  in  the  gas  with  which  the 
reagent  was  first  shaken.  Consequently  the  gas  pipettes  should 
be  filled  with  fresh  solutions  of  ammoniaOal  nickel  nitrate  and  sul- 
phuric add  whenever  the  gas  mixture  to  be  analyzed  differs 
markedly  from  that  for  which  the  reagents  had  previously  been 
used. 

The  results  may  briefly  be  summarized  as  follows : 

(i)  Under  the  described  conditions,  alcohol  does  not  com- 
pletely remove  either  benzene  or  ethylene  from  gas  mixtures. 

(2)  The  use  of  an  ammoniacal  solution  of  nickd  nitrate  fur- 
nishes a  rapid  and  exact  method  for  the  determination  of  benzene 

1  Hempel-Dcnnii**  "  Methods  of  Gas  Analysis,"  (190a),  p.  1x9. 
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in  mixtures  of  that  substance  with  air  and  ethylene,  and  in  coal 
gas. 

The  authors  would  recommend  that  in  the  analysis  of 
illuminating  gas  (coal  gas),  the  order  of  procedure  be:  (a)  The 
absorption  of  catbon  dioxide  by  potassium  hydroxide;  (b)  the 
absorption  of  benzene  by  the  ammoniacal  solution  of  nickel  nitrate 
above  described;  (c)  the  absorption  of  the  "heavy  hydrocar- 
bons" by  fuming  sulphuric  acid ;  (d)  the  absorption  of  oxygen 
by  alkaline  pyrogallol  or  by  phosphorus ;  (e)  the  absorpticm  of 
carbon  monoxide  by  cuprous  chloride;  and  (/)  the  determina- 
tion of  the  methane  and  hydrogen. 

The  authors  have  been  unable  to  try  this  new  method  on  any 
commercial  gas  mixture  other  dian  die  local  supply  of  illuminating 
gas.  They  would  therefore  earnestly  request  chemists  using  the 
method  on  other  gas  mixtures  to  communicate  to  them  die  results 
of  such  analyses  and  call  dieir  attention  to  any  difficulties  that  may 
arise. 

CORHBLL  UNTVBSSITY,  ItRACA,  N.  Y., 

Pebrnary,  1903. 
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CHEVREut^  the  first  to  study  the  fats  and  soaps,  discovered  that 
when  so^s  are  acted  on  by  water  they  are  hydrolyzed  to  free 
alkali  and  to  an  acid  salt.  The  tendency  of  the  reaction  may  be 
expressed  by  the  equation 

NaAc  +  H,0  -  NaOH  +  HAc, 
where  Ac  stands  for  the  palmitic  or  stearic  acid  radical.  The  acid 
thus  set  free  unites  with  more  or  less  of  die  undecomposed  soap 
to  form  difficuldy  soluble  acid  salts  which  contain  more  and  more 
add  in  proportion  to  the  alkali  as  the  dilution  of  the  solutions  from 
whidi  the  salts  separate  increases. 

Rotondi,  basing  his  conclusions  on  a  mixed  soap,  decided  that 
when  water  acts  on  the  soaps,  there  is  formed  an  acid  salt  which  is 
soluble  with  difficulty  in  cold  water  and  a  basic  salt  which  is  easily 
aohible.  Recent  work  by  Krafft  and  his  co-workers^  have  shown 
that  Chevreul  was  correct  and  that  Rotondi  fell  into  error,  prob- 

i  Jfir.  d.  cM£m.  Ges,^  97, 1747 ;  fhuL,  27, 1755. 
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ably  because  he  did  not  take  into  account  the  fact  that  soditim 
oleate  is  readily  soluble  in  cold  water.  It  was  probably  a  mixture  of 
this  with  the  alkali  set  free  by  the  hydrolysis  of  the  palmitate  and 
stearate  present  which  was  called  an  alkaline  soap  or  basic  salt 
The  more  current  theories  of  the  detergent  action  of  soap  are 
largely  based  on  the  undoubted  hydrolysis  of  soaps  by  much  add 
water. 

The  most  ordinary  theory  is  that  the  alkali  set  free  by  tfic  hy- 
drolysis of  the  soap  acts  on  the  fat  to  remove  it  by  a  process  of 
saponification.  To  show  that  this  is  illogical  it  is  only  necessary 
to  call  attention  to  the  fact  that  the  alkali  present  has  the  oppor- 
tunity of  making  a  soap  in  either  one  of  two  ways :  First,  by  act- 
ing on  the  glyceride  to  decompose  it  or,  secondly,  by  acting  on  the 
fatty  acid  or  acid  salt  from  which  it  lias  just  been  separated. 
That  it  will  more  readily  react  with  the  latter  than  with  the  former 
is  clear,  and  since,  while  the  dilution  is  great,  this  reaction  vrith 
the  acid  salt  does  not  take  place  but  rather  the  reverse  reaction,  it 
seems  entirely  improbable  that  the  hydrolytic  alkali  acts  chem- 
ically, if  at  all,  on  the  glycerides  of  the  fats  and  oils.  In  the  use 
of  soap  for  cleansing,  we  prefer  to  use  hot  and  strong  solutions 
but  the  hydrolysis  is  almost  certainly  more  complete  when  the 
solutions  are  dilute  and  have  cooled  enough  to  yield  a  precipitate 
of  acid  salt.  In  the  hot  solution,  especially  if  concentrated,  there 
can  be  but  little  free  alkali.  Finally,  paraffin  oils  are  washed 
away  by  soaps  as  well  as  the  glycerides  are,  and  in  this  case  it  is 
clear  that  there  can  be  no  chemical  reaction  of  the  alkali  upon 
the  oil. 

C.  R.  Alder  Wright^  assumes  that  the  value  of  a  soap  is  largely 
due  to  the  alkali  of  hydrolysis  acting  in  such  a  way  as  to  allow 
contact  of  the  water  with  the  substance  to  be  cleansed.  Laden- 
burg's  "Handworterbuch,"  Vol.  X,  p.  574,  favors  the  theory  of 
Knapp,  which  lays  the  cleansing  power  of  soap  to  the  property  of 
the  soap  itself  of  easily  wetting  oily  substances.  Knapp*s  original 
papers  are  not  available  to  the  writer  and  his  evidence  is  not 
known,  but  it  may  be  easily  shown  by  a  simple  experiment  that  it 
is  the  soap  itself  and  not  the  alkali  which  gives  aqueous  solutioos 
the  power  of  wetting  oily  substances. 

A  piece  of  red  litmus  paper  is  thoroughly  oiled  with  eidier 
purified  cottonseed-oil  or  a  paraffin  oil,  and  upon  it  is  placed  a 

I  Muir'8  "  Dictionary  of  Applied  Chemistry/*  Vol  III.  p  Ait- 
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drop  of  dilute  alkali.  The  alkali  produces  a  blue  spot  with  well- 
defined  edges,  and  spreads  very  slowly  over  the  oiled  paper.  If 
a  drop  of  soap  solution  is  placed  on  the  paper  it  spreads  rapidly 
and  soon  produces  a  large  spot  with  ill-defined  ragged  outlines. 

Another  suggestion  as  to  the  cleansing  is  that  the  soap  itself  or 
the  alkali  of  hydrolysis  acts  as  a  lubricant,  making  the  tissue  and 
impurities  less  adhesive  to  one  another,  and  in  that  way  promoting 
the  removal  of  the  latter.  It  is  not  unreasonable  to  consider  this 
as  a  factor  in  the  cleansing,  and  it  will  be  referred  to  again  later. 

It  is  often  suggested,  either  as  a  distinct  theory  or  as  a  more  or 
less  important  adjunct  to  the  saponification  theory,  that  the  alkali 
set  free  by  hydrolysis  acts  on  the  fat  by  emulsifying  it,  and  carry- 
ing it  away  in  suspension  with  the  other  impurities.  This  sugges- 
tion has  come  apparently  because  those  who  have  emulsified  oils 
with  alkali  have  used  oils  not  free  from  fatty  acids.  It  is  also 
suggested  that  the  emulsification  is  due  to  the  undecomposed 
soap,  but  experiments  are  not  recorded  as  far  as  can  be  ascertained 
to  sustain  this  view  or  to  determine  whether  the  action  is  due  to 
the  soap  or  to  the  alkali. 

When  good  cottonseed-oil.  "salad  oil,"  is  shaken  with  weak 
alkali  it  is  largely  emulsified,  but  by  washing  the  emulsion  with 
water  and  dilute  alkali  alternately  for  many  times,  the  soap  formed 
by  the  action  of  the  alkali  on  the  free  acid  of  the  oil  is  removed, 
the  oil  separates  from  the  emulsion,  and  a  product  is  obtained 
which  is  not  emulsified  by  decinormat  sodium  hydroxide.  Neither 
is  kerosene  emulsified  by  decinormal  alkali.  Both  kerosene  and 
purified  cottonseed-oil  easily  make  permanent  emulsions  with  a 
decinormal  solution  of  sodium  oleate.  From  this  experiment,  it 
seems  certain  that  the  emulsifying  power  of  the  soap  solution,  is 
due  to  the  soap  itself  rather  than  to  the  hydrolytic  alkali. 

The  explanation  of  the  action  of  soap  as  due  to  its  emulsifying 
power  is  a  plausible  one,  but  no  clear  account  has  been  given,  or 
made  current,  at  least,  in  chemical  literature,  of  the  physical 
properties  which  a  liquid  must  have  to  be  a  good  emulsifying 
agent.  The  great  similarity  between  foams  and  emulsions  in 
method  of  making  and  in  properties,  suggests  the  question  whether 
any  explanation  given  for  the  formation  and  permanence  of  foams 
will  not  also  apply  to  the  formation  and  permanence  of  emul- 
sions. Plateau  and  Quincke  have  made  extensive  studies  of  sub- 
stances which  foam  and  of  those  which  are  emulsifying  agents. 
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There  will  be  here  no  attempt  to  detail  their  results  or  to  foOov 
exactly  their  reasoning  but  the  general  trend  of  their  work  will  be 
indicated.  They  have  shown  that  soap  solution  has  a  surface- 
tension  which  is  lower  than  that  of  any  other  aqueous  sdlutioo. 
Its  surface-tension  is,  in  feet,  only  about  40  per  cent,  that  of  pore 
water.  This  may  be  shown  in  several  ways.  When  two  capil- 
lary tubes  of  the  same  diameter  are  placed  respectively  in  water 
and  in  soap  solution,  the  water  will  be  seen  toriseabout2.6tiniesas 
high  as  the  soap  solution.  If  a  given  volume  of  water  is  allowed 
to  drop  from  a  broad-ended  pipette  or  stalagmometer  and  then  a 
soap  solution  is  allowed  to  drop  frcxn  the  same  pipette,  it  wiU  be 
found  that  the  soap  solution  will  make  2.6  times  as  many  drops  as 
the  water.  The  cohesion  of  the  soap  solution  is  so  snudl  that  Ae 
surface-tension  will  sustain  drops  of  a  volume  only  about  40  per 
cent,  of  the  volume  of  those  formed  by  water.  Plateau^  lays  die 
power  of  forming  bubbles,  films,  and  foam  to  two  factors :  first, 
the  liquid  must  possess  notable  viscosity,  that  the  film  may  not 
readily  yield  to  the  forces  which  tend  to  thin  it  to  the  point  of 
rupture;  secondly,  it  must  have  a  low  surface-tension  since  die 
surface-tension  is  the  most  active  force  in  thinning  the  film.  Soap 
solutions  are  ordinarily  quite  viscous,  and  this  viscosity  is  in- 
creased in  Plateau's  bubble  mixture  by  adding  glycerin,  which 
aids  in  making  bubbles  and  films  permanent.  Soap  solutions  have 
a  low  surface-tension  and,  on  account  of  diese  two  factors,  soap 
solutions  easily  yield  and  enduringly  maintain  films  and  foam. 

Quincke*  has  similar  fundamental  views,  but  ascribes  the  per- 
manence of  a  foam  to  the  mixed  character  of  the  liquid  which 
foams,  and  claims  that  no  pure  liquid  will  foam.  According  to 
Quincke  the  permanence  of  the  foam  is  due  to  the  action  of 
surface-tension  which  spreads  out  over  the  surface  of  the 
film  some  secondary  ingredient  of  the  solution,  and  diis 
tends  to  close  up  any  potential  ruptures  in  the  fihn.  Plateau 
calls  attention  to  the  important  part  played  by  viscosity  in 
these  phenomena  and  speaks  of  the  existence  of  a  viscosity  which 
pertains  to  the  liquid  itself,  its  internal  viscosity,  caused  by  the 
friction  of  the  molecules  of  the  liquid  on  each  other  and  also  of  a 
second  kind  of  viscosity,  which  he  calls  superficial  viscosity,  wUdi 
sometimes  nudces  the  motion  of  a  foreign  body  upon  the  sar&oe 

>  Poffg.  Ann.,  141, 44. 

*  Wiedemann*!  Ann,,  $$,  593. 
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of  a  liquid  more  or,  on  the  other  hand,  less  ready  than  within  the 
liquid.  Stables  and  Wilson^  have  confirmed  Plateau's  work,  and 
find  that  the  motion  of  a  body  in  the  surface  of  a  solution  of 
saponin  is  resisted  600  times  as  much  as  it  is  within  the  same  solu- 
tion. By  this  great  superficial  viscosity  they  account  for  the  great 
foaming  power  of  saponin  solution,  although  it  has  a  compara- 
tively high  surface-tension. 

To  make  these  ideas  clear  a  simple  case  may  be  used  as  an 
illustration.  Suppose  two  bubbles  of  air  to  be  lying  side  by  side 
iKrithin  a  mass  of  water.  The  molecules  of  water  at  the  point  of 
nearest  approach  of  the  bubbles  are  acted  on  by  the  stress  of  the 
surface-tension  of  both  bubbles,  and  this  causes  a  thinning  of  the 
film  between  them.  The  surface-tension  is  great  and  the  water  is 
mobile  so  that  the  thinning  will  be  rapid  and  soon  the  bubbles  will 
coalesce  by  the  breaking-down  of  the  membrane.  If,  instead  of 
water,  soap  solution  is  present,  the  stress  which  causes  thinning  will 
be  less  on  account  of  the  much  smaller  surface-tension  and  the  resist- 
ance to  thinning,  due  to  the  viscosity  of  the  soap  solution,  will  be 
somewhat  greater  and  as  a  result  the  bubbles  will  remain  separate 
for  a  much  longer  time.  In  the  same  way  a  mass  of  bubbles  will 
remain  permanent  longer  in  soap  solution  than  in  water. 

A  table  is  here  presented  showing  some  observations  made  by  the 
writer  in  confirmation  of  the  work  of  Quincke  and  Plateau.  While 
they  claim  no  considerable  accuracy,  they  show  in  general  the 
tendency  which  solutions  of  high  viscosity  and  low  surface-tension 
have  to  make  foams.    The  figures  in  the  second  column  show  the 

Time.  Drop*.  Po«m. 

Water  3  47  — 

SUlebeer 79  + 

S#eet  skimmed  milk 4  75  -f 

Saponin»  0.5  per  cent 3  55  + 

Albumen,  3  per  cent •.••     3  5*  + 

N/io  NaOH-f  equal  volume  alcohol 8  no  — 

Glycerin,  50  per  cent 14  60  — 

Gum  acacia,  6  per  cent 8  49  — 

N/io  roain  soap 3  104  + 

N/io  sodium  oleate 4  104  -f 

N/640  sodium  oleate 3  108  little 

nttmber  of  minutes  required  for  the  volume  of  liquid  contained  in 
the  stalagmometer  to  flow  out  and  consequently  give  a  rough 
measure  of  the  internal  viscosity  of  the  solutions.    The  third 

1  Fkii,  Mag.  (5).  IS.  406. 
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column  gives  the  number  of  drops  formed  from  the  given  volmiie, 
when  the  drops  were  formed  in  air.  In  the  fourth  column  the 
plus  signs  indicate  that  the  solution  makes  a  permanent  foam  and 
the  minus  signs  that  it  does  not.  Water  gives  the  smallest  number 
of  drops  and  has  the  highest  surface-tensicm.  The  s<dutioo  of 
sodium  resinate  and  the  sdutions  of  sodium  oleate  give  the  great- 
est number  of  drops,  and  have  the  least  surface-tension.  That 
viscosity  alone  will  not  account  for  permanent  foam  formatioo  is 
shown  by  the  cases  of  glycerin  and  gum  acacia  where  there  is 
high  viscosity  but  also  high  surface-tension  and  no  foam.  Beer 
and  milk  have  a  higher  viscosity  and  a  lower  surface-tenskn  than 
water  and  yield  foams.  The  decided  aiq>arent  exceptions  are 
albumen  and  saponin,  and  alcoholic  alkali.  Saponin  and  albumea 
have,  however,  in  a  very  marked  degree,  the  property  of  super- 
ficial viscosity,  and  this  accounts  for  the  persistent  foam  in  spite 
of  their  low  internal  viscosity  and  comparatively  high  surfke- 
tension.  On  the  other  hand,  while  the  solution  of  alkali  in  dikrte 
alcohol  has  a  high  internal  viscosity  and  a  markedly  low  surface- 
tension,  the  temporary  character  of  its  foam  may  be  accoanted 
for  by  the  fact  discovered  by  Plateau — ^that  alcohol  has  a  negative 
superficial  viscosity.  That  the  alcohol  has  the  effect  of  diminish- 
ing foaming  power  may  be  seen  by  adding  a  small  quantity  to  a 
soap  solution,  which  then  loses  its  foaming  power  to  a  marked 
degree. 

EMUI^IONS. 

Can  emulsification  be  explained  by  the  viscosity  of  the  emulsify- 
ing agent?  In  the  case  of  very  thick  liquids  like  the  gum  solu- 
tions used  by  the  pharmacists,  it  is  probable  that  the  extreme  vis- 
cosity is  a  very  large  factor  in  giving  permanence  to  the  se^^tion 
of  the  oil  droplets  which  have  been  formed  mechanically.  That 
even  very  large  internal  viscosity  will  not  make  an  emulsion  per- 
manent is  shown  by  the  fact  that  50  per  cent,  glycerin  and  6  per 
cent,  gum  solutions  which  have  viscosity  of  a  high  degree  will  not 
emulsify  kerosene  or  even  a  viscous  oil  like  cotton  oil.  Sapooin 
or  albumen  solution  with  their  high  superficial  viscosity  will  give 
permanent  emulsions.  Dilute  soap  solutions  which  have  not  great 
viscosity  have  very  great  emulsifying  power,  and  the  same  is  true 
to  a  less  degree  of  some  other  solutions.  From  these  facts  it  must 
be  decided  that  internal  viscosity  of  the  liquid  will  not  account  for 
its  emulsifying  power. 
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It  has  been  seen  that  foaming  can  be  explained  largely  by  the 
small  surface-tension  of  soap  solution  towards  air.  Surface-ten- 
sion phenomena  show  themselves  between  two  liquids  as  well  as 
between  a  liquid  and  air.  The  question  arises  whether  there  is 
any  peculiarity  in  the  degree  of  surface-tension  between  soap  so- 
lutions and  oils,  not  shown  by  other  solutions. 

Quincke^  observes  that  when  a  solution  of  sodium  carbonate  is 
brought  in  contact  with  an  ordinary  oil,  phenomena  are  exhibited 
'which  he  ascribes  to  the  change  of  surface-tension  between  the  oil 
and  aqueous  solution  on  account  of  the  formation  of  soap.  Among 
the  phenomena  accounted  for  in  this  way  is  that  of  emulsification. 
Quincke  does  not  use  pure  oils  or  single  soaps  nor,  except  casually, 
does  he  refer  to  the  low  surface-tension  between  oils  and  soap 
solutions. 

To  more  definitely  answer  the  question  as  to  the  relation  of 
surface-tension  and  emulsifying  power,  experiments  were  made  by 
the  writer  to  measure  roughly,  by  the  dropping  method,  the  rela- 
tive surface-tension  of  water  and  of  soap  solution  toward  typical 
oils.  According  to  Quincke  a  solution  of  Venice  soap  containing  i 
part  in  40  of  water  has  toward  air  a  surface-tension  of  2.563,  a 
solution  of  r  part  in  400  has  a  surface-tension  of  2.672,  and  one  of 
I  part  in  4000  has  a  surface-tension  of  2.681.  In  other  words, 
according  to  these  careful  determinations,  concentration  has  very 
little  influence  on  the  surface-tension  of  soap  solution  in  contact 
with  air.  With  this  constant  and  comparatively  small  reduction 
of  surface-tension  which  soap  solution  shows  as  contrasted  with 
water,  it  is  interesting  to  compare  the  enormous  and  variable  re- 
duction of  surface-tension  shown  when  soap  solutions  of  increas- 
ingly concentration  are  allowed  to  flow  through  oils. 

When  cottonseed-oil  is  allowed  to  flow  slowly  up  through 
water,  it  makes  much  larger  drops  than  are  made  when  it  flows 
up  through  soap  solution.  The  same  is  true  when  kerosene  is 
used.  The  surface-tension  between  the  oils  and  soap  is  much  less 
than  between  the  oils  and  water.  A  much  more  convenient 
method  of  studying  the  surface-tension  is  to  let  the  water  or  solu- 
tions flow  down  through  the  oils.  In  this  work  the  greater  num- 
ber of  observations  were  made  with  a  stalagmometer  intended  as 
an  alcoholimeter  and  holding  5.35  cc. 

When  water  flows  from  a  stalagmometer  with  its  tip  immersed 

1  Wiedemann's  Anm.,  35,  580. 
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in  oil,  large  drops  are  formed.  When  a  weak  soap  solution  re- 
places the  water,  the  drops  are  smaller.  When  stronger  and 
stronger  soap  solutions  are  used,  the  drops  grow  smaller  and  more 
rapid,  if  the  rate  of  flow  of  the  liquid  is  not  checked,  until  with  a 
strong  solution  the  rate  of  flow  is  too  rapid  to  give  time  for  the 
formation  of  separate  drops  and  a  very  thin  cylindrical  stream 
flows  from  the  stalagmometer.  The  surface-tension  has  become 
so  small  that  it  does  not  support  the  liquid  long  enough  to  form 
drops.  In  this  case,  gravity  is  strong  enough  to  almost  completely 
overcome  the  action  of  surface-tension  and  draws  the  solution  out 
into  a  fine  thread.  It  seems  reasonable  to  suppose  that  any  other 
outside  force  could  easily  break  up  this  strong  soap  solution 
within  the  oil  into  small  droplets,  or  spread  it  into  films  on 
account  of  the  small  surface-tension.  According  to  the  theory  of 
surface-tension  between  two  liquids,  surface-tension  will  be  great 
between  them,  when  each  liquid  has  strong  internal  attractive 
forces,  that  is,  strong  cohesion ;  and  it  will  be  small  when  they 
have  slight  attraction  for  one  another,  that  is,  sli^t  adhesion  or 
mutual  affinity.  Small  surface-tension  will  be  caused  by  a  weak 
cohesion  of  at  least  one  of  the  liquids  and  a  strong  adhesion  or 
affinity  of  the  liquids  to  one  another.  Water  forms  large  drops  in 
oil  on  account  of  its  great  cohesion  and  its  small  adhesion  to  the 
oil.  Soap  solution  makes  small  drops  or  runs  down  in  a  stream; 
because,  first  it  has  a  low  cohesion  and,  secondly,  because  it  has  a 
strong  adhesion  to  the  oil  or  a  strong  affinity  or  attraction  for  it. 

It  would  seem  that  this  low  surface-tension  of  soap  solutions 
must  be  a  prime  factor  in  their  emulsifying  power.  Viscosity  can 
have  very  little  to  do  with  it,  for  solutions  containing  about  i  per 
cent,  of  sodium  oleate  are  excellent  emulsifying  agents  but  have 
a  viscosity  so  low  that  careful  measurements  would  be  necessary 
to  show  that  they  are  more  viscous  than  water.  Using  the  same 
reasoning  as  in  the  case  of  bubbles  and  foam,  we  may  say  that 
when  two  oil  drops  approach  each  other  in  water,  they  tend  to 
coalesce  and  finally  do  so  because  the  greaX  surface-tension  of  the 
drops  easily  withdraws  the  mobile  water  from  between  them  till 
they  touch  and  coalesce.  But  when  the  drops  are  in  soap  solution, 
the  surface-tension  is  so  very  much  less  that  it  is  not  able  to  with- 
draw the  solution  rapidly  from  between  the  drops,  and  they  arc 
kept  separate.  If  the  soap  solution  is  notably  viscous,  the  slight 
surface-tension  will  have  still  greater  difficulty  in  thinning  the 
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films  to  the  point  of  rupture.  A  mass  of  droplets  separated  by 
films  of  a  low  surface-tension  and  notable  viscosity  will  be  a  per- 
manent emulsion. 

Quantitative  relation^  between  the  surface-tensions  of  certain 
solutions  are  given  in  the  following  table.  The  measurements  are 
only  approximate,  but,  for  the  purpose,  adequate.  The  first 
column  (K)  indicates  the  number  of.  drops  formed  when  5.35  cc. 
of  the  solutions  named  flow  into  a  certain  kerosene.  The  second 
column  (Emul.  K)  indicates  by  a  plus  sign,  that  the  solution, 
when  shaken  with  the  kerosene,  will  yield  an  emulsion.  The 
third  and  fourth  columns,  C.S.  oil  and  Emul.  oil,  give  similar  data 
for  cottonseed-oil  carefully  purified  from  free  acid  by  washing 
with  dilute  alkali. 

Emul.        C.  S.      Emul. 
K.  K.  oil.         O 

Water 17          —  9  — 

SUlebeer 39  little  ..  — 

Sweet  skimmed  milk . .  52  -f 

Saponin ..  13  -f 

Acacia . .  14  -f- 

Alcohol  and  sodium  h3*droxide 51  little 

N/640  sodium  oleate 26  little 

N/io  sodium  oleate 296          -f  167  -f 

N/io  rosin  soap 310          -f  180  + 

N/io  sodium  chloride 17  — 

N/xo  sodium  hydroxide 17          —  10  — 

Sodium  silicate ..  15  — 

Prom  these  data,  it  will  be  seen  that  the  solutions  which  emul- 
sify have  a  larger  number  of  drops,  that  is,  "a  smaller  surface- 
tension  than  those  that  do  not." 

Saponin  solution  containing  i  part  of  the  glucoside  to  200  of 
water  is  an  excellent  emulsifying  agent,  and  yet  its  surface-tension 
toward  oil  is  not  enormously  reduced  from  that  of  water,  but  its 
emulsifying  power  is  easily  understood  when  one  observes  the 
form  of  the  drops  produced  when  it  flows  through  cottonseed-oil. 
Quincke  has  observed  similar  drops  when  albumen  solution  flows 
through  oil.  We  may  make  a  soap  solution,  one  containing  i 
part  of  sodium  oleate  in  about  500  parts  of  water,  which,  when  it 
flows  through  oil,  will  give  the  same  nimiber  of  drops  as  the 
saponin  solution  used.  The  drops  of  soap  solution  form  normally, 
and,  as  they  fall,  assume  quickly  a  spheroidal  shape,  while  the 
ha.  ;^ing  drop  quickly  takes  the  form  of  a  catenoid.    A  drop  of 
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saponin  solution  (Fig.  i)  as  it  is  detached  takes  the  form  of  a 
Rupert  drop  (a)  and,  falling  to  the  bottom,  takes  the  form  of  a 
pear  (&)  with  the  stem  plainly  visible.  ^This  stem,  the  remains 
of  the  filament  drawn  out  as  the  drop  was  detached,  may  remain 


a 


Fig.  I. 

visible  for  many  minutes.  The  hanging  drop,  if  the  flow  of 
solution  is  stopped  just  after  the  fall  of  the  drop,  has  the  shape  of 
an  inverted  cone,  with  incurved  sides  and  a  slender  peak  (c). 
This  shape  is  retained  a  long  time.  When  new  liquid  flows  in, 
the  hanging  drop  changes  its  shape  only  as  its  surface  is  swelled 
out  by  the  inflowing  liquid  (d).  That  the  liquid  is  not  in  itself 
viscous  may  be  known  by  observing  the  ready  rotations  and  other 
movements  of  chance  particles  within  the  drop  as  the  liquid  Bows 
down. 

Here  we  plainly  have  a  new  instance  of  superficial  viscosity,  a 
viscosity  which  makes  motion  difficult  in  the  surface  between  the 
two  liquids.  This  it  would  seem,  being  of  so  considerable  a  At- 
gree,  may  account  for  the  resistance  offered  to  the  withdrawal  of 
the  films  of  saponin  from  between  the  oil  droplets  of  a  saponin 
oil  emulsion,  and  consequently  for  the  permanence  of  the  emulsion. 
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The  conclusion  arrived  at  is  that  emulsincation  is  due  largely  to 
the  small  surface-tension  between  oil  and  the  emulsifying  i^;ent 
which  allows  the  emulsifying  agent  to  be  spread  out  into  thin 
films,  separating  the  oil  droplets.  The  surface-tension  is  not 
strong  enough  to  withdraw  tiie  film  from  between  the  droplets 
except  slowly  and,  if  the  emulsifying  agent  has  great  internal 
viscosity,  or  if  great  superficial  viscosity  is  shown  between  the 
liquids,  the  thinning  of  the  film  becomes  so  slow  that  the  emulsion 
is  permanent. 

EFFECT  OF  FREE  ALKAU  AND  OF  FREE  ACm. 

As  indicated  in  the  tables  last  given,  decinormal  sodium-hydrox- 
ide solution  does  not  show  any  greater  number  of  drops  than 
water  when  it  flows  through  kerosene,  and  only  a  slight,  and  in 
this  connection  insignificant,  increase  in  the  case  of  cottonseed-oiL 
Since  alkali  does  not  emulsify  either  of  these  oils,  we  may  con- 
clude that  diminution  of  surface-tension  and  emulsifying  power 
go  together,  and  that  neither  of  them  is  caused  by  alkali  alone* 
Solutions  of  alkali  less  concentrated  than  decinormal  also  show 
the  same  surface-tension  and  fail  to  give  emulsions.  A  decinormal 
solution  of  sodium  oleate  will  give  some  twenty  times  as  many 
drops  as  a  decinormal  alkali.  The  number  of  drops  formed  by 
the  oleate  is  not  increased  by  adding  excess  of  alkali  to  either  con- 
centrated or  dilute  solutions  of  oleate.  On  the  other  hand,  when 
free  oleic  add  in  excess  is  added  in  increasing  amounts  to  a  deci- 
normal solution  of  sodium  oleate,  the  number  of  drops  and  conse- 
quent emulsifying  power  are  decreased  as  shown  by  the  data  and 
curve  below.  Mixtures  were  made  containing  100  cc.  oleate  and 
amounts  of  free  oleic  add  varying  from  an  amount  suffident  to 
form  the  add  salt  CisHtiOjNaiCiaHj^O,  down  to  1/128  of  that 
amount,  and  the  number  of  drops  which  each  made  was  deter- 
mined. 

DBCINORMAt  SonniM  OLBATE  AMD  OZ.BXC  ACID. 

BquivalenU  of  oleic 

addinezceM.  o.      i/iaS.   1/64.     1/3^.     1/16.     1/8.     1/4.     i/a.     i. 

No.  drops 274    273    270.  240    216    164    117    84    5^ 

From  these  facts  we  may  condude  that  the  low  surface-tension 

and  the  emulsifying  power  are  due  not  to  the  alkali  or  to  the  acid 

salt  set  free  by  the  hydrolysis  but  to  the  undecomposed  soap  itself. 

We  have  seen  before  that  another  possible  factor  in  cleansing, 
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namely,  the  power  which  soap  solutions  have  of  wetting  oily  sub- 
stances is  due  to  the  soap  itself.    But  this  wetting  power  may  he 


Fig.  2. 

explained  also  by  the  strong  adhesion  of  the  soap  to  the  oil  and  the 
low  cohesion  of  the  soap  solution  itself.  The  latter  will  more 
easily  be  spread  out  over  the  surface,  if  its  cohesion  is  small  and  a 
stronger  force  will  be  acting  to  spread  it  out,  if  it  is  strongly  at- 
tracted to  the  oily  surface. 

A  very  similar  factor  in  cleansing  is  that  which  may  be  called 
ease  of  penetration,  by  which  the  aqueous  solution  pushes  into  and 
permeates  the  interstices  of  the  fabric.  If  a  glass  tube  of  3  or  4 
mm.  internal  diameter  and  closed  at  one  end  is  filled  with  cotton- 
seed-oil and  immersed  in  a  vessel  of  water  (Fig.  3,  a),  the  oil 
will  not  leave  the  tube,  being  held  there  by  the  strong  surface-ten- 
sion film  between  the  oil  and  water.  But  if  a  strong  solution  of 
soap  is  poured  in,  the  surface-tension  film  is  diminished  in 
strength,  the  oil  flows  from  the  tube,  and  the  soap  solution  pene- 
trates into  it  (Fig.  3,  b).  Here  the  soap,  on  account  of  its 
weak  cohesion  and  its  strong  adhesion  to  the  oil,  withdraws  the 
oil  and  penetrates  into  the  oily  tube.  In  the  same  way,  it  may  be. 
the  soap  penetrates  into  the  capillary  interstices  of  the  fabric  to  be 
cleansed. 

Even  the  lubricating  power  of  soap  solutions  may  be  explained 
by  considering  the  factors  a  low  cohesion  and  a  strong  adSiesion. 
In  treatises  on  mechanical  engineering,  the  chief  physical  property 
mentioned   as   desirable   in   a   lubricant   is   that    it    shall    have 
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sufficient  "body"  or  viscosity  to  prevent  its  being  pressed 
out  from  between  the  surfaces  to  be  lubricated.  While 
viscosity  is  for  this  particular  object  no  doubt  a  neces- 
sary thing,  it  would  seem  to  be  a  necessary  evil.  As  the 
term  is  used  in  physics,  viscosity  is  a  property  of  fluids  which  pre- 


Fig.  3- 

vents  the  freedon  of  motion  which  their  particles  would  have  if 
the  fluid  had  no  viscosity,  or  a  less  viscosity.  But  in  speaking  of 
lubricants  mechanical  engineers  demand,  in  a  substance  intended 
to  promote  motion,  a  property  which  physically  hinders  motion. 
If  we  consider  as  lubricants  graphite  or  steatite  or  soap,  or  the 
•clay  on  which  our  shoes  slip  in  the  street,  we  may  get  a  clearer 
notion  of  lubrication.  In  these  cases,  at  least,  the  lubrication  is 
due  to  the  fact  that  the  lubricant  adheres  in  a  film  to  the  surfaces 
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to  be  lubricated  but  does  not  cohere  to  itself.  In  the  use  of  o3  as 
a  lubricant,  it  is  also  true  that  the  oil  adheres  to  the  lubricated 
surfaces  and  soon  forms  two  layers  of  oil  which  glide  over  one 
another.  We  have  then  strong  adhesion  on  the  part  of  lubricant 
and  a  weak  cohesion.  The  same  is  true  of  soap  solutions  and 
will  explain  their  slipperiness  and  lubricating  power.  The  slip- 
periness  we  feel  when  alkali  is  used  on  the  hands  is  probably  dne 
to  its  action  on  the  skin  or  on  the  material  which  keeps  in  place 
the  epithelial  cells.  The  actual  removal  of  these  cells  with  the 
impurities  attached  to  them  and  covered  by  them  would  account 
for  the  cleansing  action  of  alkali  and  alkali  carbonate  on  the  skin. 
The  position  here  taken  is  then :  that  the  cleansing  power  of  soap 
is  largely  or  entirely  to  be  explained  by  the  power  which  it  has  of 
emulsifying  oily  substances ;  of  wetting  and  penetrating  into  oily 
textures;  and  of  lubricating  texture  and  impurities  so  that  diey 
may  be  removed  easily.  It  is  thought  that  all  of  these  properties 
may  be  explained  by  taking  into  account  the  low  cohesi(»i  of  the 
soap  solutions  and  their  strong  attraction,  adhesion  or  affinity  to 
oily  matter,  which  together  cause  the  low  surface-tension  between 
soap  solution  and  oil. 
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It  was  noted  in  the  preceding  article  that  while  toward  £r  Ae 
surface-tensions  of  soap  solutions  vary  but  little  as  the  coocentra- 
tion  is  changed,  the  surface-tension  between  soap  solutions  and  oQs 
is  rapidly  diminished  as  the  concentration  is  increased.  Tb 
ascertain  the  law  connecting  concentration  and  surface-tensioo, 
the  following  experiments  were  made.  They  not  only  show  this 
relation  but  serve  to  confirm  the  idea  that  the  diminution  of  sur- 
face-tension is  dependent  solely  on  the  amount  of  -undecomposed 
soap  present  in  the  solution.  Unfortunately  in  this  pioneer  work 
if  was  not  realized  how  desirable  it  was  to  have  the  same  kerosene 
for  all  experiments,  and  consequently  the  results  are  not  strictly 
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and  numerically  comparable  except  in  the  cases  which  are  plotted 
together.  But  it  is  tfioug^ht  best  at  this  time  to  publish  these  re* 
suits,  as  their  general  tendency  is  quite  clear  and  as  they  serve  to 
indicate  the  basis  on  which  rests  the  method  for  evaluating  soaps 
^which  will  soon  be  published. 

A  decinormal  solution  of  sodium  oleate  was  prepared  by  dis- 
solving 14. 1  grams  of  oleic  acid  in  500  cc.  decinormal  sodium 
hydroxide  solution.  The  solution  was  almost  completely  clear. 
It  was  then  filtered.  The  solution  was  diluted  successively  to 
lower  concentrations  and  the  number  of  drops  formed  when  these 
various  solutions  were  passed  through  kerosene  was  noted. 
Duplicate  counts  were  made  and  the  number  of  drops  found  in  the 
separate  counts  are  indicated. 

Sodium  Olbatb. 

Concentntion.                             N/io.     N/ao.     N/40.     K/80.  N/160.  N/390.  N/640.  Water. 
Another  act  of  solutions 292      184      J^J      J^     J^      ^i       ;; 


Piff.  I. 

In  the  diagram  (Fig.  i,  a)  the  ordinates  show  the  number  of 
drops  formed  and  the  abscissas  show  the  concentrations.  The 
number  of  drops  is  not  proportional  to  the  concentration  but  falls 
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below  proportionality  as  the  concentration  increases.  In  anotber 
experiment,  the  solutions  were  very  carefully  made  and  after 
preparation  were  placed  in  stoppered  flasks  in  a  larfi^e  taxdc  of 
water  that  they  might  be  kept  as- nearly  as  possible  at  an  average 
room  temperature.  The  special  object  of  this  experiment  was  to 
ascertain  whether  any  change  took  place  on  standing  which  would 
in(iicate  that  a  hydrolysis  of  the  soap  was  gradually  going  on.  In 
this  case  the  kerosene  was  the  same  throughout  the  experiment, 
but  different  from  that  used  in  the  last.  For  each  count  the  kero- 
sene was  changed  except  where  the  solutions  were  very  dilute. 
The  solutions  of  various  concentration  were  prepared  as  rapidly  as 
possible  and  then  the  counts  made.  After  this  the  solutions  were 
kept  at  the  temperature  of  the  tank  of  water  and  the  counts  re- 
peated fr(Mn  day  to  day. 

Sodium  Oi^batb,  Time  and  Dilution. 

Concentration.                     N/io.  N/ao.  N/40.  N/80.  N/160.  N/3ao.  N^6«o.  Water. 

December  2nd 297  196  125      88      63      41      26}      14 

December  3rd 296  200  126      87      6f      40^     26}      14 

December  5th 194  123      85      62      40^    26} 

December 8th 301  ..  132      ..      59^     ..       26^ 

From  this  it  seems  that  in  the  course  of  six  days  no  change  takes 
place  in  the  surface-tension.  There  is  no  evidence  of  any  decompo- 
sition of  the  soap  by  a  diminution  of  the  number  of  drops  in 
either  strong  or  dilute  solutions.  The  curve  (Fig.  i,  fr)  showing 
the  relation  of  concentration  to  number  of  drops  is  here  shown  in 
connection  with  that  given  above  that  it  may  be  seen  that  the  two 
have  the  same  shape.  They  should  pot,  however,  be  compared 
numerically  except  to  enforce  the  fact  that  the  effects  are  quite 
different  with  different  samples  of  kerosene.  When  sodium  dcatc 
solutions  stand  in  uncorked  flasks,  the  carbon  dioxide  of  die  air 
decomposes  the  soap  and  the  number  of  drops  formed  by  a  given 
solution  gradually  diminishes.  This  is  especially  marked  in  case 
of  dilute  solutions. 

SODIUM  PALMITATB  AND  STEARATE. 

Pure  sodium  palmitate  and  stearate  are  very  little  soluble  in 
cold  water,  so  little  in  fact  that  it  is  difficult  by  shaking  them  with 
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cold  water  to  produce  a  foam.  Palmitate  and  stearate,  when 
rubbed  on  the  hands  with  cold  distilled  water,  do  not  give  the  effect 
of  soap  but  seem  more  nearly  like  paraffin  or  tallow.  On  account 
of  this  small  solubility  in  cold  water,  it  was  necessary  to  devise  a 
method  of  working  at  a  higher  temperature.  The  apparatus 
finally  used  is  very  simple.  It  consists  of  a  beaker  of  about  700 
cc.  capacity  provided  with  a  cover  of  zinc  with  its  edges  turned 
down.  In  the  cover  are  three  holes  one  for  the  thermometer  and 
two  large  eilough  to  receive  short  wide  test-tubes.  One  of  the 
test-tubes  serves  as  a  reservoir  to  hold  the  hot  soap  solution 
to  be  used,  while  the  other  is  the  working  part  of  the  apparatus. 
After  the  water  in  the  beaker  has  been  heated  to  boiling,  a  supply 
of  the  solution  to  be  tested,  which  has  been  heated  to  bring  the 
soap  into  solution,  is  placed  in  the  reservoir  tube.  Then  15  cc. 
of  kerosene  are  placed  in  the  working  tube  and  the  pipette  put  in. 
When  all  is  thoroughly  heated  to  the  boiling  temperature,  the 
pipette  is  filled  with  the  solution,  placed  with  its  end  below  the  oil 
and  the  number  of  drops  counted.  .  At  first,  great  difficulty  was 


Fig  a. 

encountered  in  getting  concordant  results  but  it  was  learned  that 
v^hen  the  lower  end  of  the  pipette  was  ground  6ft  the  numerous 
minor  capillary  tubes  in  the  glass  of  the  lower  part  of  the  pipette 
continually  gave  out  small  amounts  of  air  and  when  this  formed 
into  bubbles  on  the  end  of  the  pipette  it  caused  an  increase  in  the 
number  and  decrease  in  the  size  of  the  drops  which  were  forming. 
As  this  exudation  of  air  w&s  irregular  and  introduced  a  new  factor 
in  the  surface-tension  problem  a  means  was  necessary  to  prevent  it. 
The  remedy  was  to  so  shape  the  pipette  that  the  lower  end  after 
grinding  could  be  heated  to  the  point  of  fusion  until  all  the  small 
capillaries  were  closed  without  closing  the  main  capillary  or  nar- 
rowing too  much  the  surface  on  which  the  drops  were  to  form. 
The  form  finally  worked  out  is  shown  in  the  accompanying 
sketch  (Fig.  2). 
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Twentieth-nonnal  sodium  palmitate  was  made  by  treating  12  J 
grams  palmitic  acid  with  500  cc.  dednonnal  sodium  hydroxide 
and  500  cc.  water,  and  heating  all  on  the  water-bath.  The  soh- 
tion  was  quite  clear.  Small  quantities  of  palmitic  add  were  added 
until  oil  droplets  were  pkdnly  visible  and  the  solution  was 
filtered.  This  solution  was  then  diluted  with  hot  water  to  make 
the  concentrations  used  below  and  these  were  kept  on  the  steam- 
bath  at  6o'*-7o''.  None  of  them  were  more  than  sligfatiy  doodf 
at  6o**-70*.  They  were  tested  in  the  apparatus  just  described,  and 
gave  the  number  of  drops  here  set  down. 


Sodium  Pauotatb. 

Omcentntloii.  N/ao.       N/40.       Vfio.     N/160.    N/3», 

No.d«,p. {^,       3x5       ag       g       49 

On  plotting  these  data,  the  curve  (Fig.  3,  a)  results. 


N/6401    N/u>oi 

33       23J 
Thesai? 


Pig.  3. 
in  the  curve  near  its  origin  was  thought  so  remarkable  diat  a 
second  set  of  solutions  was  prepared  and  tested. 

N/90.  N/30.  N/40.  N/Bo.        N/160.        N/3ao.       N/fi^o.         N/»fe. 

403  368  308  208  90  40  31  34 

When  these  data  are  plotted,  a  curve  is  obtained  in  shape  like 
that  obtained  before  and  practically  indentical  with  it.  If  the 
same  law  connected  concentration  with  the  number  of  drops  at 
low  as  at  high  concentration,  the  curve  would  be  a  smooth  one 
extending  to  the  point  showing  the  number  of  drops  made  by 
water,  as  indicated  by  the  dotted  line.    That  the  curve  falls  bdow 
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tfiis  line  may  be  explained  by  supposing  that  in  the  dilute  solutions 
a  marked  hydrolysis  takes  place.  Krafft  and  Stern  found  that  it 
was  necessary  to  dilute  a  solution  of  sodium  palmitate  till  it  con- 
tained only  about  i  part  in  1000  before  the  precipitate  formed  on 
cooling  had  the  composition  of  the  true  add  salt,  C^eHsiOiNa, 
C^gHnOf  It  is  to  be  noted  that  the  greatest  depression  in  the 
curve  above  is  in  the  region  where  the  concentration  is  near  to  i 
part  in  1000  of  water.  This  point  is  marked  by  the  arrow.  If 
this  is  a  true  explanation,  it  is  an  interesting  confirmation  of  the 
supposition  that  the  number  of  drops  is  a  function  of  the  amount 
of  tmdecomposed  soap  present.  The  hydrolysis  lessens  the 
amount  of  sos^,  and  farther,  the  acid  salt  may  in  this  case,  as  in 
the  case  of  sodium  oleate,  actually  diminish  the  number  of  drops 
which  would  be  formed  if  the  soap  were  alone.  It  would  seem 
tfiat  we  have  here  a  proof  that  actual  hydrolysis  takes  place  while 
all  of  the  substances  are  in  solution.  At  the  temperature  at 
which  the  work  was  done  the  solutions  are  quite  clear  and  show 
no  sign  of  a  precipitate. 

SODIUM  STSARAn. 

Sodium  stearate  solution  (one-twentieth  normal)  was  made  by 
dissolving  2.84  grams  chemically  pure  stearic  acid  in  100  cc.  hot 
dednormal  sodium  hydroxide  solution  and  diluting  to  200  cc. 
with  hot  water.  The  dilute  solutions  were  made  as  before  and 
the  number  of  drops  made  by  each  determined  at  loo^  None  of 
the  solutions  sft  100^  show  more  than  a  very  slight  opalescence. 
The  number  of  drops  formed  are  shown  in  the  table: 

SODITTM  STBAJIATB. 

N/M.  N/40.     .       N/80.  N/160.  N/3ao. 

32S    aij     143   \  72  /    38 

340      228      149     f       '         \  40 

The  curve  (Fig.  6,  b)  showing  these  numbers  in  a  graphic  way 
has  very  mudi  the  same  shape  as  that  for  sodium  palmitate  and 
here  also  the  greatest  hydrolysis  is  apparently  at  a  point  where 
tfiere  is  present  about  i  part  of  the  salt  to  1000  of  water.  By 
comparing  the  shape  of  these  curves  with  that  of  sodium  oleate 
at  loo""  it  becomes  evident  that  their  peculiar  form  is  not  due  to 
the  action  of  the  higher  temperature.  As  a  passing  observation 
it  may  be  noted  that  when  the  solutions  stand  in  the  cold,  the  pre- 
cipitates formed  in  the  N/160  solution  and  those  of  greater  con- 
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centration,  float  in  the  solutions,  while  the  precipitates  formed  in 
the  N/320  solution  and  those  of  less  concentration  sink  in  the 
solutions,  this  change  of  relative  density  also  taking  place  when 
the  solution  contains  about  i  part  of  sodium  stearate  in  1000  of 
witer. 

SODIUM  OLEATB  AT  lOO*. 

Sodium  oleate  solutions  when  tested  at  100^  show  no  special 
change  in  the  form  of  the  curve  connecting  concentration  and 
number  of  drops  from  that  belonging  to  the  oleate  in  the  cold. 
Since  the  data  were  obtained  using  the  same  apparatus  and  same 
kerosene  as  that  used  for  the  palmitate  and  stearate  they  are 
plotted  in  the  same  diagram  at  c  (Fig.  3). 

ROSIN  SOAP. 

The  soap  made  by  action  of  alkalies  on  colophony  is  so  commoa 
a  constituent  of  yellow  soaps  that  a  study  of  its  solutions  is  of 
some  interest,  especially  if  we  may  gain  knowledge  of  the  reason 
of  the  disfavor  with  which  the  soap  is  regarded.  A  solution  of 
rosin  soap  approximately  dednormal  was  prepared  by  digesting 
in  the  cold  powdered  rosin  in  excess  with  decinormal  sodium 
hydroxide  solution  as  long  as  any  rosin  was  dissolved.  This 
solution  was  diluted  with  freshly  boiled  cold  water  to  give  the 
concentrations  indicated  below  and  each  tested  in  the  cold  to 
learn  the  number  of  drops  made  by  each. 

Rosin  Soap  in  thb  Cold. 

Concentratton.  N/xo.      N/w.     N/9i>.     N/40.     N/te.     N/80.  N/f6o.  K/jm.  N,«|b. 

No  drops. .......  |36i      236      aoi      151      "»       78      47      3»     '^ 

^''•'^'^^P*  1353      243      207      155      "3       79      46      34     as 

These  results  are  plotted  in  curve  a  (Fig.  4).  The  same  solu- 
tions were  tested  at  100^,  using  the  same  pipette  and  same  kero- 
sene. 

RosiN  Soap  at  100^. 

Concetitnitton.  N.'io.     N/bo.     N/jo.     N/40.      N/lfio.     N/80.    N^sn.  K/S«b. 

•M^  A^T^t.             '  /288      215      183      123       68       45       35       ao 
^O'^^P^ ia89      215      187      127       67       45       35       2 

These  results  are  plotted  in  curve  b  (Fig.  4).  The  notable 
thing  in  both  curves  is  the  sag  near  the  origin.  The  more  dilute 
solutions  give  a  smaller  number  of  drops  than  might  be  expected 
if  the  same  law  held  that  governs  with  higher  concentrations.  If, 
as  is  indicated  by  the  facts  given  in  this  and  the  preceding  paper, 
the  number  of  drops  is  a  measure  of  the  amount  of  undecomposed 
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soap  present  in  solution,  it  seems  that  with  the  rosin  soap  as  with 
the  palmitate  and  stearate  a  marked  hydrolysis  takes  place  in  dilute 
solutions.    The  solutions  with  the  exception  of  the  decinormal 


Fig.  4. 

and  one-twentieth  normal  are  much  clouded,  even  in  the  cold, 
showing  by  this  also  that  hydrolysis  has  taken  place.  The  hot 
solutions,  even  the  most  concentrated,  are  cloudy.  The  hydrolysis 
indicated  by  this  cloudiness  is  also  shown  by  the  fact  that  the 
curve  for  the  hot  solutions  lies  below  that  for  the  cold  solutions. 
Elevation  of  temperature  is  favorable  to  diminution  of  surface- 
tension  and  a  greater  number  of  drops  might  be  expected  with  all 
these  solutions  at  the  higher  temperature  but,  as  a  smaller  number 
is  found,  the  explanation  lies  in  the  hydrolysis  caused  by  heating 
the  solutions. 

In  looking  over  the  results  obtained,  it  is  of  interest  to  note  their 
agreement  with  well-known  facts  in  regard  to  the  soaps.  The 
oleate  is  very  soluble  in  cold  water  and  even  in  dilute  solutions 
shows  little  hydrolysis.  Soaps  rich  iii  oleate  are  useful  for  toilet 
purposes  and  for .  wool-scouring  when  cold  water  is  used.  Its 
stability  in  dilute  solutions  would  make  it  of  value  as  a  detergent 
even  until  it  is  completely  rinsed  away  and  its  ready  solubility 
would  make  it  easy  to  wash  away. 

For  laundry  work,  dish- washing,  and  other  work,  when  hot  water 
is  used,  practical  experience  shows  that  the  most  desirable  soap  is  a 
tallow  soap.  This  is  rich  in  palmitate  and  stearate  with  some  oleate. 
As  shown  by  the  curves,  the  palmitate  and  stearate  have  a  very 
hig^  efficiency  at  a  high  temperature,  especially  when  the  concen- 
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tration  is  great.  When  the  concentratioo  is  lessened,  maihed 
hydrolysis  takes  place  and  the  efficiency  rapidly  falls  off,  but  with 
mixed  soaps  this  low  efficiency  of  the  palmitate  and  stearate  is 
supplemented  by  the  relatively  high  efficiency  of  the  oleate  to 
dilute  solutions,  which  will  sustain  the  detergent  effect  until  a& 
impurities  are  washed  away,  including  the  add  palmitate  and 
stearate  which  might  otherwise  be  retained  by  the  fabric  When 
the  temperature  is  low,  palmitate  and  stearate  are  so  little  sdubk 
as  to  be  of  no  practical  value,  since  the  only  effect  of  water  on 
them  is  to  hydrolyze  them  and  set  free  a  small  quantity  of  aflcafi 
which,  according  to  the  hypothesis  here  favored,  has  no  detergoit 
effect  on  neutral  oils. 

Rosin  soap  is  usually  regarded  as  a  comparatively  undesirdde 
ingredient  of  soaps.  By  a  test  with  decinormal  solution,  it  is  of 
about  the  same  efficiency  according  to  the  dropping  test  in  kerosene 
as  sodium  oleate.  But  when  the  dilution  curves  are  studied,  it  is 
seen  that  dilute  solutions,  especially  in  the  heat,  show  maifced 
hydrolysis  which  is  necessarily  accompanied  by  separation  of  the 
rosin  acids.  Here  the  acid  product  of  hydrolysis  separates  in  a 
cloud  and  does  not  stay  in  solution  as  with  the  palmitate  and 
stearate  in  the  heat.  The  separated  rosin  acids  may  wdl  settle 
on  the  fabric  being  washed  and  impart  to  it  the  odor  of  rosin, 
cause  it  to  be  yellow  and  make  it  ready  to  easily  take  up  dnsL 
This  effect  may  be  partially  offset  in  using  mixed  soaps,  by  tbe 
other  ingredients  whose  detergent  action  will  tend  to  remove  the 
rosin  acids,  but  the  evil  effect  will  still,  to  some  extent,  remain. 

In  this  work,  when  kerosene  is  used  as  the  test  substance,  it  is, 
of  course,  true  that  we  are  really  measuring  the  detergent  effect 
of  the  various  soaps  toward  kerosene  only.  Some  few  observa- 
tions show  that  toward  other  fats  and  oils  the  relative  effidcrxy 
of  the  different  soaps  is  different.  It  may  be  necessary  to  take 
this  into  account  when  judging  the  value  of  a  soap  for  some 
special  purpose. 

I«ABORATORT  OP  ORGANIC  CBSMISTRT,   UirXVBROTT 
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« 

Note  on  the  BrominaHon  of  Heptane. — ^Venable*  found  that  the 
bromination  of  normal  heptane  from  the  Pinus  Sabiniana  yielded 

^  Am,  Ckem.J.^  10,  23^7. 
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a  mixture  of  bromides  which  varied  in  amount  with  the  tempera- 
ture and  the  time.  Theoretical  amounts  of  heptane  and  bromine 
were  used  but  a  large  percentage  of  heptane  was  unattacked  in 
every  case.  The  secondary  heptyl  bromide  was  the  main  product 
when  the  heptane  was  kept  boiling,  and  the  bromine  was  added 
during  a  course  of  five  hours,  which  was  as  rapidly  as  the  bnxnine 
was  taken  up.  The  yield  was  30  per  cent,  of  the  theory.  This 
bromide  is  best  obtained  from  heptane  of  the  Pinus  Sabiniana  of 
California  which  was  formerly  on  the  market  under  the  name 
"abietine"  a  patent  remedy.  Small  quantities  only  can  now  be 
obtained  under  great  difficulties,  as  Blasdale*  reports.  The  stock 
on  hand  in  our  laboratory  is  small  and  hence  valuable.  In  viev;  of 
this  I  thought  it  possible  to  increase  the  yield  of  the  secondary 
bromide  by  carrying  out  the  reaction  under  increased  pressure. 
By  means  of  air-pressure  the  Houid  bromine  was  forced  into  the 
ilask  containing  the  boiling  heptane.  A  compact  reflux  condenser 
within  the  neck  of  the  flask  completely  condensed  the  heptane.  A 
side  tube  of  the  condenser  led  into  a  long  glass  jar,  set  horizon- 
tally, filled  with  stick  potash  to  absorb  the  hydrobromic  acid 
evolved.  To  the  further  end  of  the  jar  was  fitted  a  tube  which, 
entering  a  jar  of  mercury  vertically,  opened  at  a  point  190  mm. 
below  the  surface.  Several  attempts  were  made  to  increase  the 
yield  of  the  secondary  bromide  with  this  apparatus  but  without 
success.  I  wish  here  to  express  my  thanks  to  Mr.  M.  R.  Glenn 
for  his  kind  assistance  in  this  work. 

I  then  turned  my  attention  to  the  possibility  of  accomplishing 
the  result  by  employing  an  excess  of  bromine.  The  method  em- 
ployed by  Venable  was  followed.  Where  he  *used  180  grams 
bromine  for  100  grams  heptane  I  used  240  grams  bromine.  The 
table  shows  the  results  after  six  complete  fractionations,  the  first 
two  being  under  diminished  pressure. 

Theoretical  ainoaiit    BzceM  of 
of  bromine.  bromine. 

Grmms.  Grans. 

I T00®-I2o**  30  8 

n 120®-l62®  6  2 

Til i62«-i68*»  55  65 

IV i68*»-i7.^o  2                         1.5 

V i73**-i83^  8                       a 

VI 183^-210**  10  45 

I  consists  principally  of  unattacked  heptane  and  III  of  the 

1  This  Joamal,  93,  i6a. 
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secondary  hq>tyl  bromide.  The  excess  of  bromine,  then,  consider- 
ably diminishes  the  amount  of  unchanged  heptane;  increases  the 
secondary  bromide  by  i8  per  cent,  but  causes  a  much  greater 
increase  in  the  brcnnides  of  higher  boiling-points.  A  further 
consideration  of  the  table  shows  that  22  grams  less  of  heptane  are 
recovered,  but  as  a  c€)mpensation  there  is  a  gain  of  10  grams  of  the 
secondary  bromide.  Now  if  22  grams  of  the  heptane  were  treated 
with  the  theoretical-  amount  of  bromine  only  6.6  grams  of  this 
bromide ^would  be  obtained.  Hence  there  is  actually  a  net  gain  in 
the  yield  of  the  secondary  bromide  as  well  as  a  reasonably  good 
gain  in  time.  The  process  is  a  very  long  one  and  these  gains  are 
worth  consideration.  Ai,vin  S.  Wheeles. 

UNIVKR8ITV  OP  North  Carolina. 
Chapel  Hill,  N.  C. 


lieiv  Apparatus  for  the  Examination  of  Choke-damp  and 
Nitrogenous  Mine  Inflammatory  Gases, — The  apparatus  is  com- 
posed of  two  burettes  which  are  connected  with  a  3-way  stop-cock 
capillary,  and  this  with  the  gas-bottle  for  filling  the  burettes.  Both 
burettes  are  filled  at  the  same  time  with  the  gas  which  is  to  be 
examined,  and  this  makes  it  possible  for  the  apparatus  to  give  an 
exact  determination  of  oxygen,  methane,  and  carbon  dioxide.  On 
the  right  side,  at  first,  carbon  dioxide  is  absorbed  in  the  caustic 
potash  receiver  and  then  methane  is  burned  in  the  pear-shaped 
receiver  by  a  platinum  spiral  which  is  glowing  from  an  accumu- 
lator. 

During  the  absorption  of  the  carbon  dioxide  and  the  cooling  of 
the  pear,  the  oxygen  is  determined  on  the  left  side,  so  that  a  com- 
plete choke-damp  examination  of  methane,  carbon  dioxide  and 
oxygen  is  finished  in  about  twenty-five  minutes. 

The  fluctuation  of  the  temperature  which  has  occurred  during 
the  examination  of  the  gas  is  found  on  a  special  thermometer, 
divided  in  i/io"  C,  and  arranged  in  the  cooling-receiver;  the 
variation  of  the  volume  of  the  gas  brought  about  by  the  fluctuation 
of  the  temperature  is  equalized  by  the  lifting  and  sinking  of  the 
manometer-receivers  on  each  side.  The  gas  is  put  into  the  burettes 
by  means  of  mercury  and  can  be  read  from  the  mercury.  The  ap- 
paratus is  very  sensitive  and  works  exactly  to  0.05  per  cent.  The 
apparatus  solves  the  problem  of  the  examination  of  choke-damp  in 
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the  simplest,  quickest  and  most  exact  manner  according  to  Sed 
71  and  72  of  the  general  mining  police  order,  January  18,  I9» 
the  Royal  Head  Mining  Office,  Breslau.  The  apparatus  se 
further  for  the  determination  of  methane  in  the  high  nitrogci 
gases  which  are  found  in  mine  inflammatory  gases.  It  is 
quick  and  accurate  for  determining  their  content  of  cai 
monoxide.  F.   Schreibe 


A  Burette  and  Standard  Solutions  Convenient  for  the  Detei 
nation  of  Nitrogen  by  the  Kjeldahl  Method, — By  using  the  bui 
described   below  together  with   the   standard   solutions   of 
strength  recommended,  all  calculations  and  use  of  tables  car 
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avoided.  One  gram  of  material  is  used  and  the  standard  solutioos 
for  titrating  are  N/2  sulphuric  or  hydrochloric  acid  and  N/14.04 
alkali.  One  cc.  of  alkali  of  this  strength  will  be  equivalent  to  one 
milligram  of  nitrc^en  and  i  cc.  of  the  N/2  acid  will  be  equivalent 
to  7.02  cc.  of  the  alkali. 

The  burette  used  is  an  ordinary  100  cc.  burette  with  side  inlet  at 
the  base,  graduated  to  i/io  cc,  and  having  the  figures  running  up, 
instead  of  down,  the  graduation ;  that  is,  o  is  at  the  base  of  the 
burette  and  100  at  the  top. 

For  the*  determination,  8  cc.  of  the  N/2  acid  are  run  into  the 
receiver,  the  distillation  made  and  the  distillate  titrated  with  the 
N/ 1 4.04  alkali  in  the  following  manner.  The  alkali  is  run  mto 
the  burette  from  the  stock  bottle  until  it  reaches  56.16.  The 
titration  is  now  made  and  the  reading  of  the  burette  at  the  end  is 
he  per  cent,  of  nitrogen  multiplied  by  10.  This  is  seen  from  the 
allowing  reasoning. 

As  I  cc.  of  the  N/2  add  is  equivalent  to  7.02  cc.  of  the  N/14.04 
alkali,  8  cc.  will  be  equivalent  to  56.16  mg.  of  nitrogen. 
As  the  titration  was  started  with  the  burette  reading  at  56.16  and 
run  down  until  the  neutral  point  was  reached,  the  alkali  remaining 
in  the  burette  must  be  equivalent  to  that  which  was  in  the  distil- 
late. The  reading  of  the  burette  then  gives  the  milligrams  of 
nitrogen  in  the  distillate.    This  divided  by  10  gives  the  per  cent 

In  this  laboratory  N/2  sulphuric  acid  and  N/14.04  ammonia  are 
used.  The  ammonia  will  keep  at  least  four  months  without  any 
perceptible  change.  If  the  reagents  used  give  nitrogen  in  a  Uank 
determination,  subtract  the  reading  of  the  blank  from  the  burette 
reading.  If  the  substance  examined  contains  over  5  per  cent  of 
nitrogen,  use  0.5  gram  for  the  determination,  multiplying  die 
result  by  2,  or  increase  the  amount  of  N/2  acid  used  to  cc^cct  the 
distillate,  remembering  that  for  every  additional  cubic  centimeter 
of  the  standard -acid  used  the  reading  of  the  alkali  in  the  burette 
must  be  increased  7.02.  For  8  cc.  the  burette  is  filled  to  56.16; 
for  10  cc,  70.2;  for  12  cc.,  84.84. 

In  this  laboratory  the  following  number  of  cubic  centimeters  of 
the  solution  are  used  for  the  determinations  indicated. 

Acid.  Alkftli. 

cc.  cc. 

Total  nitrogen 8  equivalent  to  56. 16 

Ulsch-Street  (nitrates) 6        "  "42.12 

Magnesium  oxide  (free  ammonia) 4        "  "  28.08 
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Instead  of  the  lOO  cc.  burette  mentioned  above,  one,  two  or 
three  automatic  burettes  may  be  used;  one  constructed  to  auto- 
matically fill  itself  to  28.08  cc,  one  to  42.12,  and  one  to  56.16  cc. 
These  should  be  graduated  to  i/io  cc.  and  the  figures  should  run 
up  the  burette  as  in  the  one  described  above.  Burettes  of  this 
kind  can  be  obtained  of  Richards  &  Co.,  of  New  York. 
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Note  on  Perkin's  Test  for  Bicarbonates. — There  was  recently 
published,^  by  F.  M.  Perkin,  a  test  for  bicarbonates  based  on  the 
fact  that  bromine  is  liberated  in  a  mixture  of  solutions  of  a 
bromide  and  sodium  hypochlorite,  if  a  dilute  acid  is  added.  Bi- 
carbonates are  sufficiently  acid  to  bring  about  this  reaction  and 
may  thus  be  distinguished  from  normal  carbonates. 

This  test  has  proved  very  satisfactory  in  practice  but  the  fol- 
lowing exceptions  must  be  noted :  The  test  will  not  show  the  pres- 
ence of  ammonium  bicarbonate  nor  can  ammonium  bromide  be 
substituted  for  the  sodium  or  potassium  salts.  Further  than  this, 
the  presence  of  ammonium  salts,  even  in  very  small  quantities,  pre- 
vents the  reaction  entirely.  The  ammonium  salts  experimented 
with  were  the  chloride,  carbonate,  nitrate,  sulphate,  and  oxalate, 
using  solutions  of  the  usual  reagent  strength  and  5  per  cent,  solu- 
tions of  sodium  bicarbonate  and  potassium  bromide. 

For  the  test,  i  cc.  each  of  the  bromide  and  hypochlorite  solutions 
were  used  and  10  or  12  drops  of  the  bicarbonate  solution. 
Of  the  interfering  ammonium  salt  solution,  2  drops,  added  before 
the  bicarbonate,  absolutely  prevented  the  liberation  of  bromine, 
except  in  case  of  the  oxalate,  and  a  small  additional  quantity  of 
this  produced  the  same  result. 

Incidentally  it  may  also  be  remarked  that  care  must  be  taken 
that  the  hypochlorite  solution  used  is  reasonably  fresh  and  has 
been  kept  away  from  light,  or  it  will  be  sufficiently  acid  to  lead  to 
erroneous  results.  Francis  O.  Taylor. 


A  Convenient  Form  of  Table  for  Calculations  of  Chemicai 
Weights. — The  author,  having  frequent  occasion  to  check  calcu- 
lations of  weights  of  substances  made  by  students  in  quantitative 
analysis,  has  constructed  a  table,  to  enable  him  to  quickly  obtain 

>/•  Soc.  Chem.  Ind.,  aa,  1375  (1903). 
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such  results.  This  is  presented  to  the  Section  as  an  accessor)'  in 
teaching  which  may  prove  instructive  to  the  pupil  and  helpful  to 
the  teacher,  and  in  a  measure  replace  the  use  of  the  "rechentafdn" 
often  so  employed. 

Upon  coordinate  paper,  500  by  400  nun.,  the  abscissa 
500'  mm.  is  taken  as  1000,  and  there  is  laid  off  upon  the  vertical 
ordinate,  the  length  corresponding  to  the  ratio  for  reduction  of 
weight  sought  for  weight  found.  A  straight  line  is  then  drawn 
from  the  origin  to  this  point.  Thus  we  take  for  the  copper  in 
cupric  oxide  798  or  for  chlorine  in  silver  chloride  247. 

A  diagonal  line  is  thus  drawn  from  the  origin  for  each  such 
ratio  to  be  employed.  We  then  read  off  upon  the  horizontal 
abscissa  the  measure  corresponding  to  the  figures  of  the  weight 
found  and  the  length  of  the  ordinate  at  that  point,  cut  off  by  the 
diagonal  line  for  that^  substance,  gives  directly  the  amount  of  the 
body  sought.  F.  P.  Dunnincton. 
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Principlbs  op  Inorganic  Chbmistrv.     By  Harry  C.  Jones.     New 
York  :    The  Macmillan  Co.     1903.    zx  -{-  521  pp.     Price,  $4-00. 

"The  aim  of  this  book  is  to  add  to  the  older  generalizations 
those  recently  discovered,  and  to  apply  them  to  the  phenomena  of 
inorganic  chemistry  in  such  a  way  that  they  may  form  an  integral 
part  of  the  subject,  and,  at  the  same  time,  be  intelligible  to  the 
student"  {Preface). 

The  author  states  in  the  preface  that  the  work  is  intended 
primarily  for  use  by  students  of  qualitative  and  quantitative 
analysis,  and  it  may  be  presumed  therefore  that  its  aim  is  to 
modernize  and  expand  the  views  of  those  who  have  already  re- 
ceived some  instruction  in  the  elements  of  the  science.  At  this 
stage,  occasions  for  the  application  of  modem  ideas  connected  with 
ionization,  mass  action,  solubility,  and  solution  tension  are  cer- 
tainly innumerable.  Every  operation  in  analysis,  even  the  most 
trivial,  bristles  with  opportunities  for  the  use  of  these  conceptions 
and  can  be  performed  intelligently  and  with  unfailing  success  only 
by  a  student  alive  to  the  situation. 

The  book  covers  the  general  ground  of  a  text-book  of  inoriganic 
chemistry,  but  the  theory  of  ionization  and  its  application  to  the 
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explanation  of  chemical  changes,  including  many  of  those  used  in 
analysis,  receive  special  attention.  Mass  action,  the  phase  rule, 
and  Nemst's  theory  of  solution  tension,  as  well  as  radioactivity, 
colloidal  solutions  of  metals,  and  other  topics  of  contemporary 
interest  are  also  discussed.  Noteworthy  features,  besides  the 
numerous  ionic  explanations  of  reactions,  are  the  solubility  curves 
of  salts  and  the  frequent  tables  showing  the  degree  of  ionization 
of  various  substances.  The  student  whose  training  in  general 
chemistry  has  lacked  illumination  by  modem  views,  whether  on 
account  of  the  ignorance,  conservatism,  or  deliberate  preference 
of  his  first  instructor,  will  find  in  this  book  abundant  ppportunity 
for  bringing  his  conceptions  up  to  date  and  getting  in  touch  with 
the  science  as  it  is.  To  such  a  student  the  book  will  be  most  sug- 
gestive and  stimulating.  Dr.  Jones  is  to  be  congratulated  on 
having  produced  one  of  the  best  of  the  recent  attempts  to  apply 
physico-chemical  conceptions  to  undergraduate  instruction. 

The  task  essayed  by  the  author  is  a  difficult  one,  however,  and 
the  present  volume  is  only  a  contribution  towards  the  solution  of 
the  problem  and  not  the  solution  itself.  The  treatment  is  one- 
sided. Ionic  explanations  abound,  but  chemical  equilibrium 
which  is  fundamental  to  the  understanding  of  ionjc  explanations 
in  anything  but  a  superficial  way,  and  is  of  universal  application 
otitside  of  this  restricted  area,  receives  scant  notice.  The  discus- 
sion of  this  subject  is  cut  up  awkwardly  (cf.  pp.  91  and  ^79).  i« 
inadequate  to  secure  comprehension,  and  is  not  sufficiently  illus- 
trated either  when  first  presented  or  later.  In  teaching,  the  first 
explanation  of  this  subject  has  always  to  be  a  mere  preliminary  to 
that  constant  and  various  illustration  and  application  which  seem 
to  constitute  the  only  method  of  making  it  really  clear.  Without 
this — and  every  opportunity  for  this  is  strangely  neglected  by  the 
author — that  incorporation  with  the  habits  of  thought  of  the 
student  which  alone  can  give  him  a  command  of  modern  chem- 
istry has  no  chance  of  taking  place.  Surely  a  conception  which, 
of  all  modem  views,  is*  by  far  the  most  fundamental  to  analysis, 
should  have  been  driven  home  at  every  fair  opportunity  in  a  book 
intended  for  the  student  of  analysis. 

Even  at  the  sacrifice  of  some  of  the  elementary  matter,  space 
should  have  been  found  for  the  explanation  in  modern  terms  of 
such  analytical  methods  and  reactions  as  are  usually  omitted  from 
text-books  on  general  chemistry.    Yet,  so  far  as  the  reviewer  can 
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discover,  important  topics  like  bead  reactions,  the  solubility  of 
magnesium  hydroxide  in  ammonium  chloride,  the  difference  be- 
tween double  salts  and  salts  of  complex  acids,  the  barium  caiboo- 
ate  method,  and  the  "solubility  product"  are  not  explained  at  aH 
The  "normal  solution"  is  defined   (p.   112)   as  some  physicsl 
chemists  still  unfortunately  use  the  term  (one  mol  per  liter),  and 
not  as  the  analyst  defines  it.    The  behavior  of  the  hydroxides  d 
zinc  (p.  389)  and  aluminum  (p.  410)  is  ascribed  to  diSmng 
influences  of  acids  and  bases  on  the  mode  of  ionization  of  the 
hydroxide,  an  assumption  quite  out  of  harmony  with  known  btibL 
The  precipitation  of  As^Sg  (p.  259)  in  concentrated  hydrochloric 
acid  is  attributed  to  the  interaction  of  hydrogen  sulphide  and 
arsenic  acid,  although  AsCl^  is  demonstrated  to  be  the  active  sub- 
stance by  the  result.    Both  of  these  cases  might  have  furnished 
opportunities  for  beautiful  applications  of  the  theory  of  equilib- 
rium.   The  paragraphs  on  indicators  (p.  212)  are  misleading. 
The  pink  color  of  phenolphthalein  in  alloiline  solution  is  not  diie 
to  the  ion  of  phenolphthalein  itself,  but  to  that  of  an  isomeric 
colored  acid.^    Contrary  to  the  statements  in  the  book,  this  indi- 
cator is  one  of  the  best  for  weak  acids,  such  as  carbonic  and  phos- 
phoric acids,  provided  they  are  not  (like  boric  add)  weaker  as 
acids  than  the  isomer  of  phenolphthalein  itself.    The  statement 
that  this  indicator  cannot  be  used  for  titrating  weak  bases  like 
ammonium  hydroxide  is  correct,  but  the  reason  given  is  not.    The 
cause  of  its  lack  of  delicateness  is  the  repression  of  the  OH  ions 
of  the  remaining  hydroxide  by  the  ammonium  salts  produced  by 
the  first  stages  of  the  titration.* 

The  book  is  worthy  of  a  cordial  reception,  and  it  is  to  be  hoped 
that  a  call  for  a  second  edition  will  speedily  give  opportunity  for 
the  needed  modifications.  Auxandbr  Smith. 

Inorganic  Chbmistry  Syllabus.  By  Hubbrt  C.  Carbl,  B.S.,  Asmstut 
Professor  in  the  University  of  Minnesota.  Third  Edition.  Minneapolii: 
H.  W.  Wilson,  Publisher.     1903.     182  pp. 

This  book  has  been  prepared  for  the  students  of  the  Preshman 
classes  of  the  medical  department  of  the  University  of  Minnesota, 
and  is  a  condensed  compendium  of  the  salient  facts  of  descripti?e 
inorganic  chemistry.  A  few  pages  here  and  there  are  given  to 
theoretical  chemistry.    The  book  suffers  somewhat  from  errors, 

1  This  Journal,  34,  5F8. 
<  Am.  Chem.  /..  93.  406. 
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typographical  and  other,  but  contains  an  excellent  index,  which 
increases  its  value  to  medical  students. 

The  problem  of  the  best  method  of  teaching  chemistry  in  a 
medical  school  is  as  yet  unsolved.  A  large  proportion  of  men 
enter  the  school  with  little  or  no  knowledge  of  chemistry,  and  are 
expected  at  the  end  of  one  year's  study  to  find  their  way  success- 
fully through  the  intricate  mazes  of  physiological  chemistry.  Alas 
for  the  teacher  who  is  expected  to  perform  this  miracle ! 

J.  L.  H. 

Kai^bnbbr  PtjR  Blbctrochbmikbr  sowib  Tbchnischb  Chbmikbr  ukd 
Physikbr.  VII  Jahrgang,  1903.  Mit  einer  Beilage.  Edited  by  Dr. 
A.  Newbarger.  xxxi  -f-  583  4-  448.   Berlin  :  M.  Krayn.   Price,  4  marks. 

In  this  valuable  little  book  the  editor  has  certainly  succeeded 
admirably  in  his  attempt  to  bring  together  material  which  is  of 
value  not  only  to  the  technical  but  also  to  the  scientific  worker. 
The  separation  of  the  technical  from  the  theoretical  branch  has 
been  more  marked  probably  in  electrochemistry  than  in  any  other 
subject  and  certainly  the  technical  side  has  not  gained  by  it 
Through  such  works  as  this,  we  may  look  in  the  near  future  for  a 
more  intimate  connection  between  the  two  branches  of  the  subject 
which  can  not  fail  to  be  of  great  advantage  to  electrochemistry. 
There  are  but  two  criticisms  to  be  made  upon  the  make-up  of  the 
book,  the  lack  of  an  index,  and  the  binding  of  the  Beilage  as  a 
separate  volume,  although  its  table  of  contents  is  given  in  the 
Kalendar.  J.  Livingston  R.  Morgan.  , 

Botany  and  Pharmacognosy.  By  Hbnry  Krabmbr,  Professor  of 
Botany  and  Pharmacognosy  and  Director  of  the  Microscopical  Labora- 
tories in  the  Philadelphia  College  of  Pharmacy.  Published  by  the 
author.    384  pp. 

The  growing  use  of  the  compound  microscope  in  the  critical 
examination  of  powdered  vegetable  drugs  has  developed  into  a 
distinct  branch  of  pharmaceutical  study.  It  is  perhaps  needless  to 
say  that,  in  making  a  critical  examination  of  vegetable  powders, 
one  must  be  familiar  with  the  vegetable  histological  elements 
which  make  up  the  vegetable  fabric,  for  no  kind  of  pulverization 
will  completely  destroy  the  cell  and  obliterate  its  diagnostic 
features.  The  present  volume,  after  dealing  with  plant  mor- 
phology in  Part  I  (100  pages),  takes  up  the  study  of  crude  drugs, 
first  giving  their  gross  characteristics  as  found  in  their  whole  and 
dried  condition.    Following  this  is  a  scheme  for  the  study  of  the 
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drug  in  the  powdered  state  accomplished  by  the  aid  of  the  com- 
pound microscope  and  a  few  chemical  reagents.  It  is  in  the  latter 
part  of  the  volume  that  we  find  the  essentially  new  things,  new  to 
the  English  student.  Important  German  and  French  works  on 
powdered  drugs  have  appeared,  but  in  English,  Prof.  Kraemer's 
work  is  the  second  one  in  this  country  that  has  come  from  the 
press  assuming  the  dignity  of  a  text-book ;  hence  it  is  to  this  new 
feature  that  especial  attention  should  be  directed.  In  this  portion 
of  the  book  we  find  an  ingenuous  key  for  the  study  of  powders 
dividing  them  as  follows :  Powders  of  greenish  color,  powders  of 
yellowish  color,  of  brownish  color,  of  reddish  color,  and  of  a 
whitish  appearance.  Each  of  these  groups  is  subdivided  in  the 
following  manner:  I.  Crystals  of  Calcium  Oxalate  Present. — 
(a)  Calcium  oxalate  crystals,  rosette  shaped;  (6)  calcium  oxa- 
late crystals,  monoclinic  prisms;  (c) calcium  oxalate  in  crystal 
fibers;  (d)  calcium  oxalate  in  crypto<irystalline  crystals.  II. 
Calcium  Oxalate  Crystals  Wanting. — (a)Crystoliths  of  calcium 
carbonate  present ;   (b)  calcium  carbonate  crystals  wanting,  etc. 

Then  various  sub-groups  are  made  and  subdivided  veiry  much 
as  in  botanical  keys,  making  use  of  such  characteristics  as  "Bast 
fibers  present"  or  "Bast  fibers  wanting,"  "Stone  cells  present"  or 
wanting  and  so  on  for  other  histological  elements.  This  part  of 
the  work  is  perceptibly  condensed,  so  much  so  that  we  fear  it  is 
of  little  use  to  the  student  unless  he  has  constantly  at  his  side  the 
instructor  who  knows  the  book.  What  we  have  said  of  this  por- 
tion of  the  volume  is  also  applicable  to  other  portions — ^it  is  ex- 
tremely condensed  and  bears  out  fully  what  the  author  says  in  the 
preface :  "It  is  written  to  meet  the  individual  nerfs  of  the  author 
in  his  work,  as  a  treatise  of  botany  and  pharmacognosy  and  to 
supplement  his  lectures  and  laboratory  demonstrations." 

The  illustrations  in  the  work  occupy  the  last  portion  of  the 
volume  very  much  as  an  appendix  or  afterthought.  We  are  in- 
clined to  think  that  the  placing  of  all  the  illustrations  in  the  back 
of  the  book  was  poor  economy,  It  would  have  been  much  better 
to  have  had  these  13  pages  interspersed  in  their  proper  places 
throughout  the  text.  However,  they  are  very,  good,  and  on  excel- 
lent paper.  The  work  is  a  valuable  addition  to  the  literature  of 
pharmacy.  L.  E.  S.wre. 
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Thb  Chbmical  Technology  of  Textile  Fibres.  By  Dr.  Georg  von 
Gborgievics,  Professor  at  the  Itiiperial  and  Royal  SUte  Trade 
School,  Beilitz.  Translated  by  Chas.  Salter.  London  :  Scott,  Green- 
wood &  Co.     1902.    X  +  306  pp.     Price,  $4.50  net. 

This  is  a  concise  text-book  for  students,  which  will  not  prove 
too  abstruse  for  the  general  reader.  The  contents  are  almost 
entirely  descriptive,  and  the  material  is,  for  the  most  part,  well 
presented. 

The  book  contains  six  chapters,  viz.,  The  Textile  Fibres; 
Washing,  Bleaching,  Carbonizing;  Mordants  and  Mordanting; 
Dyeing ;  Printing ;  Dressing  and  Finishing.  The  chapter  on  dye- 
ing is  the  most  important  section  of  the  book.  It  opens  with  a 
discussion  of  the  theory  of  color  and  color  combinations;  then 
follows  an  epitome  of  the  author's  views  on  the  theory  of  *dyeing. 
The  mechanical  theory  is  advocated,  and  a  close  analogy  is  traced 
between  absorption  of  dye  from  the  dye-bath  by  fibres,  and  solu- 
tion of  substances. in  two  non-miscible  liquids;  the  coefficient  of 
the  distribution  of  the  dye  is  shown  to  be  the  same  as  the  ratio  of 
concentration,  and  it  is  argued  that  the  dye-stuff  "exists  in  differ- 
ent states  of  molecular  constitution  in  the  fibre  and  in  the  bath," 
the  fibre  absorbing  simple  molecules,  leaving  complex  molecules  in 
the  bath.  From  this,  various  conclusions  regarding  the  proper- 
ties, fastness,  etc.,  of  dyes  on  fibres,  are  deduced. 

The  "solid  solution**  theory  of  Witt  is  rejected  as  not  explaining 
the  influence  of  the  mechanical  condition  of  the  fibre  on  the  "ratio 
of  distribution,"  nor  of  the  action  of  water  on  the  dyed  fibres.  The 
chemical  theory  of  dyeing  is  also  rejected,  after  some  discussion, 
with  the  sweeping  assertion  that  "not  one  single  fact  is  known 
that  would  indicate  the  probability  of  the  occurrence  of  chemical 
combination  between  the  dye-stuff  and  the  fibre  in  dyeing." 

The  general  excellence  of  the  book  is  apparent,  and  but  few 
defects  may  be  noted.  The  discussion  of  Kellner's  process  for 
"electrolytic  chlorine"  might  be  clearer  had  a  diagram  of  the 
apparatus  been  included.  The  directions  for  bleaching  with 
sodium  peroxide  involve  a  procedure  which  would  probably  result 
in  some  loss  of  active  oxygen.  Errors  in  proof-reading  occur  on 
pages  2, 66, 67,  84  and  103 ;  obscurity  and  some  apparent  careless- 
ness of  statement  are  shown  on  pages  24,  25  and  58,  while  in 
many  places,  the  influence  of  the  German  syntax  appears  in  the 
work  of  the  translator. 
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There  is  a  good  index,  but  the  omission  of  references  to  original 
articles  is  a  serious  defect.  F.  H.  Thorp. 

The  Dyeing  op  Woollen  Fabrics.  By  Franklin  Beech.  Loodon : 
Scott,  Greenwood  &  Co.  New  York :  D.  Van  Nostrand  Co.  1902. 
viii  -I-  223  pp.     Price,  $3.50  net. 

In  the  author's  words  the  book  is  intended  "to  supply  the  dyer 
of  woollen  fabrics  with  a  conveniently  arranged  handbook."  Be- 
ing designed  for  the  use  of  practical  dyers,  it  is  liberally  supplied 
with  recipes  applicable  to  special  cases ;  these  directions  arc  fre- 
quently brief  but  sufficiently  full  to  be  understood  by  any  one 
acquainted  with  the  work  of  the  dye-house.  All  reference  to  the 
composition  and  properties  of  the  various  dyes,  mordants,  etc, 
has  been  omitted  as  foreign  to  the  purpose  of  the  book.  Chapter 
IV  on  the  principles  and  practice  of  wool  dyeing,  the  most  im- 
portant section  of  the  book,  contains  a  lucid  account  of  the  various 
methods  of  dyeing  woolens,  though  written  somewhat  after  the 
cook-book  style ;  the  chapters  on  the  dyeing  of  union  fabrics,  and 
of  gloria,  also  contain  much  valuable  information ;  the  numerous 
recipes  comprise,  altogether,  nearly  80  pages  of  the  book.  •  The 
teacher  of  textile  coloring  may  also  gain  some  useful  hints  from  a 
perusal  of  these  pages. 

Typographic  errors  are  few,  but  on  page  4  we  find  photoplasmic 
and  also  an  obscure  sentence  concerning  the  amount  of  curl  in 
wool ;  on  page  27  appears  covered  for  recovered ;  the  cut  on  page 
55  is  inverted. 

The  style  is  simple  and  clear  and  the  absence  of  theoretical  dis- 
cussions will  cause  the  book  to  find  favor  with  many  to  whom  such 
material  has  little  attraction.  F.  H.  Thorp. 

Principles  of  Dyeing.    By  G.  S.  Fraps,  Ph.D.    New  York:  The  Macmfl- 
Ian  Co.     ismo.    270  pp.    Price,  1 1.60. 

This  little  book  sets  out  to  give  a  systematic  presentation  of 
the  principles  underlying  the  art  of  dyeing,  illustrated  and  empha- 
sized by  laboratory  exercises.  The  plan  of  study  is  to  take  one  or 
two  typical  members  of  each  of  five  main  classes  of  colors  and 
study  them  with  reference  to  their  action  toward  the  diflFerent 
fibers.  The  groups  of  textile  fibers  are  next  taken  up  and  their 
physical  and  chemical  characters  and  behavior  under  differing 
conditions  noted.  The  operations  of  bleaching,  scouring  and  dye- 
ing are  then  explained  in  their  main  outlines.    The  groups  of  dye 
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colors  are  then  discussed  in  somewhat  fuller  detail  and  the 
methods  of  dye-mixing  and  dye-testing  described. 

This  plan  has,  in  our  opinion,  been  carried  out  with  a  notable 
measure  of  success  and  we  believe  the  book  would  be  well  adapted 
to  the  use  of  students  in  dyeing  classes  as  well  as  for  dyers  who 
wish  to  learn  more  of  the  theory  underlying  the  art  that  tfiey  have 
learned  in  the  dye-house.  Prior  to  the  appearance  of  this  book, 
the  best  little  book  covering  this  ground  was  Hummel's  "Dyeing 
of  Textile  Fabrics/'  but  this  book  we  believe  to  be  the  better  of 
the  two  for  the  purpose  it  has  in  view.  We  can,  therefore,  recom- 
mend it  quite  cheerfully  as  worthy  of  an  endorsement,  and  believe 
that  it  will  find  acceptance  at  the  hands  of  those  looking  for  a 
convenient  manual  on  this  subject.  S.  P.  Sadtler. 

Sbaling-Waxbs,  Wafers,  and  Other  Adhesives.    By  H.  C.  Standage. 
London  :  Soott,  Greenwood  &  Co.    190a.    95  pp.    Price,  $3.50  net. 

The  first  thing  that  strikes  one  in  looking  at  this  book  is  that 
two  dollars  and  a  half  is  a  large  sum  to  pay  for  a  book  of  about 
ao,ooo  words,  equal  to  about  one-third  of  one  of  the  monthly 
ntmibers  of  this  Journal,  made  up,  apparently,  of  recipes  culled 
from  the  technical  papers.  Half  of  the  book  is  devoted  to  sealing- 
waxes.  There  is  a  short  but  clear  and  intelligible  description  of 
this  process,  a  brief  account  of  materials  used,  and  a  large  number 
of  formulas,  all  of  which  are  probably  practical,  and  useful  to  the 
amateur.  But  the  amateur  is  not  likely  to  make  a  very  fine  article, 
and  probably  almost  any  formula  is  good  enough  for  him,  while 
the  professional  will  always  work  out  his  own.  Four  pages  are 
given  to  an  interesting  account  of  wafers.  The  rest  of  the  book  is 
on  cements  and  pastes.  The  statement  is  made  that  ''gelatine 
differs  from  glue  in  its  chemical  nature,  but  in  physical  character- 
istics is  very  similar" ;  also  "this  fact"  (the  insolubility  of  glue  in 
oil)  'lias  not  been  made  full  use  of,  as,  for  example,  in  the  prepa- 
ration of  a  glue  compound  that  could  be  used  as  a  paint  for  coat- 
ing the  inside  or  outside  of  barrels  containing  such  volatile  fluids 
as  benzene,  etc."  I  had  supposed  that  every  manufacturer  in  the 
world  used  glue  to  line  the  barrels  for  benzine,  turpentine,  oil, 
varnish,  etc.,  and  I  still  think  so.  "Flour,  as  a  material  for  pro- 
ducing adhesives,  depends  on  the  gluten  it  contains."  No  doubt 
gluten  is  useful,  but  flour  also  contains  starch,  which  has  some 
repute  as  an  adhesive,  and  starch  is  nowhere  mentioned  in  the 
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book  except  once  as  a  material  from  which  dextrin  is  made  and  in 
one  formula  for  a  liquid  glue,  of  which  starch  is  to  make  one- 
tenth  the  total  solids.  The  flour  paistes  and  the  glues  are  very 
good,  but  any  one  who  expects  to  learn  from  this  or  any  otho' 
book  hpw  to  make  such  a  paste,  for  example,  as  the  ''library"  and 
"photographic"  pastes  now  on  the  market,  will  be  disappointed. 
Among  the  cements,  I  note  the  conspicuous  absence  of  the  M  and 
reliable  litharge  and  glycerin  mixture,  aAd  all  the  asphaltum  com- 
pounds. On  the  whole,  it  may  be  said  that  the  book  is  very  good, 
what  there  is  of  it,  but  as  to  its  being  the  work  of  an  expert  there 
may  be  some  doubt.  A  good  bode  on  glue  alone,  by  a  real  expert, 
would  be  "mighty  interesting  reading"  and  it  would  be  new. 

A.  H.  Sabin. 

The  Utiuzation  op  Waste  Products.  A  Trbatisb  on  thb  Rationai. 
Utiuzation,  Rbcovkry  and  Trbatmbnt  op  Wastb  PRODixm  or 
Ai.1,  Kinds.  By  Thbodor  Koz,i«br.  Translated  from  the  GenDsn 
Second  Revised  Bdition  by  a  Technical  Chemist  London:  Scott, 
Greenwood  &  Co.  New  York :  D.  Van  Nostrand  Company,  dvo. 
viii  +  279  pp.    Price,  I3.50  net. 

This  book  is  in  many  respects  opportune.    Notwithstanding  the 
fact  that  modem  practice  in  manufacturing  requires  that  every- 
thing which  may  find  useful  application  shall  be  recovered  and 
utilized,  it   is   nevertheless  true  that  many  products  are  still 
allowed  to  waste  while  preventive  methods  are  being  eagerly 
sought.    Experience  in  this  country  as  well  as  abroad  has  shown 
that  frequently  utilization  of  waste,  forced  by  l^slative  enactment 
by  states  and  municipalities,  has  protected  important  industries 
from  ruin,  and  that  substances  considered  nuisances  not  only  by 
producers  but  by  their  neighbors  have  become  important  sources  of 
profit.    We  need  only  refer  to  the  practice  forced  upon  the  meat- 
packing industries  of  this  country  to  find  apt  illustration  of  this 
fact.    The  book  before  us  calls  attention  to  many  of  the  wastes 
available  and  describes  methods 'whereby  they  may  be  recovered. 
These  descriptions  are  professedly  for  the  greater  part  compara- 
tively brief  abstracts  of  papers  published  in  various  works  and 
periodicals  but  few  being  the  outcome  of  the  experience  of  die 
author  and  many  of  them  scarcely  up  to  the  standard  of  every-day 
practice.    The  source  of  information  in  each  case  is  carefully 
given  so  that  further  details  may  readily  be  found,  if  desired. 
The  book  will  prove  useful  in  many  hands  and  serve  as  a  source 
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of  suggestion  and  as  a  guide  in  the  side  lines  of  the  various  indus- 
tries, particularly  to  those  of  limited  practical  experience. 

Wm.  McMustrus. 

Trb  Utiuzation  op  Wood-Wastb.  By  Ernst  Hubbard.  Translated 
from  the  German  by  M.  J.  Sai.TBR.  London  :  Scott,  Greenwood  &.  Co. 
1902.    i2mo.    192  pp.    Price,  $2.50. 

This  little  book  is  a  translation  of  the  second  revised  edition  of 
one  of  the  well-known  Hartleben  Library  of  technical  nuuiuals 
and  deals  with  the  various  methods  and  proposed  methods  for 
utilizing  sawdust  and  similar  waste  for  the  production  of  chem- 
ical products.  It  was  one  of  three  which  have  appeared  in  this 
library,  the  others  .being  "Das  Holz  und  Seine  Distillations- 
producte,"  by  Dr.  George  Thenius  and  "Die  Verwerthung  des 
Holzes  auf  chemischen  Wege,"  by  Dr.  Jos.  Bersch. 

This  work  takes  up  first  the  employment  of  sawdust  as  fuel 
either  with  or  without  the  simultaneous  recovoy  of  charcoal  and 
the  products  of  distillation.  This  is  a  very  important  subject  and 
one  to  which  practical  chemists  have  given  some  considerable 
attention,  as  in  lumber  districts  where  sawmills  abound  a  profit- 
able utilization  of  the  sawdust  would  be  desirable.  Many  of  the 
older  forms  of  retorts  for  the  continuous  carbonization  of  sawdust 
by  means  of  endless  screws,  etc.,  have,  however,  been  given  up  in 
practice  because  of  the  difficulties  caused  by  the  moisture  in  the 
sawdust.  This  has  been  overcome  in  some  cases  by  briquetting 
and  previous  drying  of  the  briquettes  or  by  the  use  of  a  prepara- 
tory drying  chamber  through  which  the  moist  sawdust  passes  on 
a  sheet-metal  conveyor  or  before  it  goes  into  the  distillation 
chamber  proper.  The  earlier  briquetting  procedure  of  Bergmann 
is  described  but  we  find  no  mention  of  the  later,  more  successful, 
Heidenstam  Swedish  method. 

The  manufacture  of  oxalic  acid  from  sawdust  is  very  fully  de- 
scribed and  the  means  of  purifying  the  product  given. 

The  manufacture  of  ethyl  alcohol  and  organic  dyes  irom  waste 
wood  is  also  referred  to  but  these  proposed  methods  are  as  yet  of 
little  practical  value. 

The  manufacture  of  artificial  wood  and  plastic  compositions  for 
moldings  is  a  much  more  important  matter  and  is  very  satisfac- 
torily described. 

The  employment  of  sawdust  as  an  ingredient  of  blasting-pow- 
ders and  explosive  mixtures  is  similarly  very  fairly  dealt  with. 
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The  book  is  wdl  printed  and  presents  a  neat  and  attractiye  ap- 
pearance and  win  no  doubt  be  found  to  be  a  source  of  mudi  usefnl 
information.  S.  P.  Sadtlek. 

Papers  on  Bthbrification  and  the  CoNsrrnmoN  op  Salts.  Bt 
AuxANDER  W.  Williamson  (1850-1856).  Alembic  ClubRepriata* 
No.  16,  Bdinbuxgh.  The  Alembic  Club.  Chicago :  The  Uniyenity  of 
Chicago  Press.    1902.    Price,  40  cents. 

The  study  of  the  original,  classical  papers,  whidi  have  been  of 
epoch-making  significance  in  the  development  of  chemistry,  cannot 
be  too  earnestly  commended.  The  Alembic  Clnb  of  Edinburgh  is 
performing  a  valuable  service  in  making  a  series  of  these  papers 
easily  accessible.  The  papers  are  published  in  a  neat  clodi  bind- 
ing. Previous  numbers  of  the  series,  as  well  as  Ae  one  mentioiied 
above,  may  be  obtained  from  the  University  of  Chicago  Press. 

W.  A.N. 


INVBSTIQATION  OF  THE  PURITY  OP  CHEMICALS. 

At  the  suggestion  of  Professor  F.  W.  Clarke  and  others,  1 
committee  was  appointed  at  the  last  meeting  of  the  Society  to 
investigate  the  purity  of  chemicals,  especially  reagents,  as  sold  by 
dealers.  It  is  a  commcHi  experience  that  many  articles  marked 
"pure,"  "chemically-pure,"  or  "C.  P."  are  far  from  satisfactory, 
and  it  is  believed  by  many  analysts  that  the  quality  of  reagent 
chemicals  has  grown  worse  instead  of  better  in  die  last  few  years. 
At  any  rate  the  matter  is  of  such  importance  as  to  merit  investiga- 
tion. The  committee,  which  consists  of  Charles  Baskerville, 
L.  M.  Dennis,  W.  P.  Hillebrand,  H.  P.  Talbot  and  the  president 
of  the  Society  as  chairman  ex-oMcio,  is  collecting  data  to  show  the 
extent  of  the  evil  of  adulteration  or  wrong  labeling,  and  requests 
information  from  all  members  of  the  Society  who  have  had  ex- 
perience in  the  matter.  This  information  should  be  sent  to 
Professor  H.  P  Talbot,  Massachusetts  Institute  of  Techndogy, 
Boston. 

The  committee  will  be  glad  also  to  receive  suggestions  as  to  the 
best  means  of  practically  correcting  the  present  unsatisfactory 
condition. 
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A  NEW  STABILITY  TEST  FOR  NITROCELLULOSE 
POWDERS. 

By  Albert  P.  Sv. 

Received  March  .10. 1903. 

Stability  tests,  sometimes  also  called  **heat  tests,"  are  applied 
to  explosives  to  determine  their  stability  or  keepinp^  qualities. 
During  the  process  of  manufacture  these  tests  are  made  to  deter- 
mine if  the  product  has  been  sufficiently  purified,  i.  e.,  freed  from 
substances  which  might  cause  it  to  decompose  spontaneously. 

Before  describing  the  new  test,  the  more  important  and  most 
used  of  the  old  tests,  including  the  four  used  by  the  Ordnance 
Department,  U.  S.  Army,  are  briefly  mentioned ;  this  is  done  so  as 
to  point  out  the  weak  points  of  these  tests  to  those  not  familiar 
with  them. 

THE  POTASSIUM-IODIDE-STARCH^  OR  ABEL  TEST. 

This  test  is  prescribed  and  made  by  the  Ordnance  Department, 
U.  S.  A.,  as  follows :  1.3  grains  of  the  sample  (air-dried)  is  placed 
in  a  test-tube  in  which  there  is  suspended  a  test  paper  of  potas- 
sium-iodide-starch, moistened  to  one-half  its  length  with  a  50  per 
cent,  glycerin  solution.  This  tube  is  then  immersed  in  a  bath  kept 
at  es-s"*  C.  ±:  I**,  for  nitrocellulose,  and  at  100°  C.  ±  i**,  for  nitro- 
cellulose powders.    The  test  is  ended  at  the  appearance  of  a  brown 
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or  blue  line  on  the  test  paper.  For  a  good  nitrocellulose  this  dis- 
coloration must  not  take  place  in  less  than  forty  minutes  (at 
65.5®),  and  for  a  good  nitrocellulose  powder  in  not  less  than  ten 
minutes  (at  100**).  Powders  containing  nitroglycerin  should 
stand  this  test  for  twenty  minutes  at  65.5®. 

The  discoloration  of  the  test  paper  is  due  to  the  action  of  free 
iodine  on  the  starch,  the  iodine  being  liberated  from  the  potassium 
iodide  by  impurities  or  products  of  decomposition,  principally 
oxides  and  acids  of  nitrogen  volatilized  from  the  explosive.  This 
test  is  of  some  value  to  the  manufacturer  to  determine  whether  his 
product  has  been  thoroughly  purified,  and  the  test  could  be  called 
"purity  test"  more  appropriately  than  a  stability  test.  When 
applied  to  finished  prodr^^t^s,  this  test  has  many  weak  points,  as 
follows : 

(i)  It  shows,  in  cases  of  decomposition  of  the  sample  durii^ 
the  test,  only  the  beginning  and  not  the  continuation  of  the  de- 
composition; it  is  more  important  to  know  how  decomposition 
proceeds  than  when  it  begins. 

(2)  Traces  of  unstable  nitro-compounds  would  show  a  nitro- 
cellulose or  powder  in  which  they  are  found  by  this  test  to  be 
bad ;  yet  these  traces  of  unstable  compounds  might  not  cause  a 
decomposition  of  the  explosive,  if  stored  under  ordinary  con- 
ditions, and,  considering  that  there  is  no  indication  of  the  effect 
of  these  unstable  compounds,  this  test  does  not  indicate  the  keep- 
ing qualities  of  the  explosive. 

(3)  Traces  of  solvents  left  in  a  powder  affect  this  test. 

(4)  The  weakest  point  of  this  test  is  the  fact  that  it  can  be 
niasked  by  a  number  of  substances  which  are  sometimes  added  to 
the  explosive  for  this  purpose.  These  substances  are  mercuric 
chloride,  mercury  salts,  carbonates,  alkalies,  amines,  acetic  ether, 
acetone,  oils,  vaseline,  aniline,  etc.  Explosives  containing  mask- 
ing substances  are  not  atcepted  by  the  Ordnance  Department 

(5)  The  test  is  affected  by  the  condition  of  the  sample,  size  of 
grains,  whether  freshly  prepared  for  testing  or  expc^ed  to  air, 
and  by  moisture  content.  Charges  of  static  electricity,  whidi  a 
powder  acquires  on  rasping  or  cutting,  affect  the  results  of  this 
test.  Experiments  along  this  line  are  being  made  by  C^pt.  H.  C 
Aspinwall. 

(6)  Slight  differences  in  test  papers  greatly  affect  the  results 
of  this  test.     (The  test  papers  used  by  the  Ordnance  Department 
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are  made  in  large  quantities  by  Eimer  and  Amend,  of  New  York, 
according  to  specification,  thereby  insuring  greater  uniformity 
than  if  made  at  different  laboratories  in  small  quantities.  Manu- 
facturers who  have  contracts  with  the  government  are  supplied 
with  these  papers.) 

(7)  The  personal  equation  of  the  operator  enters  as  a  factor  in 
causing  variations.  It  is  no  easy  matter  to  decide  just  when  there 
is  the  first  appearance  of  a  brown  line  on  the  test  paper. 

On  account  of  the  points  mentioned,  duplicates  of  the  same 
powder  have  been  known  to  vary  from  twenty  to  thirty  minutes. 
The  potassium-iodide-starch  test  has  long  been  known  to  be  unre- 
liable, and  the  Ordnance  Department  condemns  no  explosives  on 
results  of  this  test  alone. 

THE  ZINC-IODroE-STARCH  TEST. 

This  is  a  modification  of  the  test  just  described,  zinc  iodide 
being  used  instead  of  potassium  iodide  (temperature  80®  C).  Zinc 
iodide  is  more  sensitive  than  potassium  iodide,  and  also  acts  as  a 
preservative  of  the  test-paper.  However,  a  greater  sensitiveness  is 
in  no  way  an  improvement  of  the  potassium-iodide-starch  test,  and 
results  obtained  at  this  laboratory  show  that  this  test  is  not  more 
reliable  than  the  original,  having  all  the  weak  points  of  the  latter. 

THE  GUTTMANN  TEST. 

Instead  of  using  a  potassium-iodide-starch  paper,  Guttmann 
recommended^  a  test  paper  moistened  with  a  solution  of  diphenyl- 
amine  in  sulphuric  acid.  He  claimed  for  his  test  the  following 
advantages :  ( i )  Not  as  sensitive  as  the  -potassitmi-iodide-starch 
test;  (2)  test  papers  more  easily  prepared;  (3)  masking  sub- 
stances do  not  interfere.  The  temperature  used  is  70®  C,  and 
nitrous  fumes  turn  the  colorless  paper  to  a  greenish-yellow  and 
finally  blue. 

Thomas  says*  the  diphenylamine  test  is  unsatisfactory ;  it  may 
be  masked  by  the  addition  of  diphenylamine  to  the  explosive  to  be 
tested.  Guttmann  himself  admits  that  the  blue  color  sometimes 
fails  to  appear.  Moisture  in  the  sample  affects  the  test.  Thomas 
as  well  as  others  failed  to  get  a  sharp  end-reaction.  The  Gutt- 
mann test  was  tried  at  this  laboratory  but  gave  unsatisfactory  re- 
sults, and  was  discontinued.    Aspinwall,'  Spica,*  and  Thomas 

*■  Zixhr.  oHgew.  Ckem.  (1897),  p.  233;/.  Soe.  Chem.  Ind.  (1897),  p.  283. 

s  Ibid.,  (Z898),  p.  Z037. 

»y.  S9C,  Chem,  Ind.^  May  31, 1902. 

*  Ritnsia,  Angmt,  1899. 
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found  sufficient  objections,  after  trial,  to  discard  it.  Major  Nathan 
says*  the  test  fails  when  testing  volatile  explosives,  such  as  nitro- 
glycerin, the  latter  being  decomposed  by  the  sulphuric  acid  on  the 
test  paper. 

THE  HESS  TEST.* 

Nitrocellulose  is  heated  to  70**  C.  in  a  tube  and,  by  means  of  a 
current  of  air,  the  volatile  products  of  decomposition  are  carried 
into  a  dilute  potassium-iodide-starch  solution.  Five  observations 
are  made:  four  colorimetric  readings  on  the  potassium-iodide- 
starch  solution,  and  the  time  required  for  explosion  of  the  sample. 
This  test  shows  the  beginning,  and  roughly,  and  for  a  short  time 
also,  how  decomposition  proceeds. '  The  potassium-iodide-starch 
solution,  however,  is  far  too  sensitive,  and  may  show  decompo- 
sition which  in  reality  does  not  indicate  instability  of  the  ex- 
plosive. Masking  substances  interfere  as  mentioned  under  the 
potassium-iodide-starch  test,  and  results  are  affected  by  solvents 
in  the  sample,  condition  of  the  sample,  difference  in  the  testing 
solution,  and  personal  equation  of  the  operator. 

THE  HOITSEMA  TEST.' 

The  explosive  is  heated  for  fifteen  minutes  at  a  constant  temper- 
ature, and  then,  by  means  of  a  current  of  carbon  dioxide,  the 
volatile  products  of  decomposition  are  passed  through  glass  wool 
moistened  with  Guttmann's  diphenylamine  solution.  This  opera- 
tion is  repeated,  lowering  the  temperature  10**  each  time  until  a 
temperature  is  found  at  which  no  products  of  deccxnposition  are 
found  which  give  a  color  reaction  with  the  test  solution,  this  being 
considered  the  point  at  which  decomposition  ceases.. 

The  test  is  too  sensitive  and  subject  to  most  of  the  objections 
mentioned  under  previous  tests,  especially  under  the  Guttmann 
test. 

THE  EXPLOSION  TEST. 

A  small  sample  of  the  explosive  (usually  o.i  grzm)  is  placed  in 
a  strong  test-tube  which  is  then  tightly  corked  and  placed  in  a 
paraffin  bath  at  100°  C.  The  bath  is.  now  stirred  and  heated  so 
that  the  temperature  increases  5*"  per  minute.  The  temperature 
is  noted  at  which  the  sample  explodes. 

>  y.  51^.  Ckrm.  Ind.  (1901),  p.  xo. 

«  Mitth.  «.  Gegtnst.  d.  Artill.  u.  GeniewtseHi  (1879),  P-  345  :  Diugler's  pofy.J^  934,  45. 

*  Ztschr.  angew.  Chem.  (18S9),  p.  705. 
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A  good  nitrocellulose  should  not  explode  under  186°  C. 

A  good  nitrocellulose  powder  should  not  explode  under  177®  C. 

A  good  nitroglycerin  powder  should  not  explode  under  170**  C. 

These  explosion  points  are  required  by  the  Ordnance  Depart- 
ment ;  those  required  by  other  governments  differ  considerably. 
Judging  from  a  great  number  of  explosion  tests  made  at  this 
laboratory  it  seems  that  this  test  is  reliable  when  the  explosive  is 
either  very  good  or  very  bad.  Variations  in  results  may  be  caused 
by  difference  in  manipulation  of  the  test,  especially  in  raising  the 
temperature ;  the  following  table  shows  the  effect  on  the  explo- 
sion point  of  raising  the  temperature  1°,  2.5®,  and  5°  per  minute, 
on  powders  Nos.  175,  178,  179  and  180. 


lO. 

a.5«. 

5«. 

175 

164 

174.5 

177 

178 

170 

176 

178 

179 

173 

176 

177 

180 

167 

174.5 

179 

This  table  also  shows  that  greater  differences  between  the  ex- 
plosion points  are  obtained  when  the  temperature  is  raised  only  i  ** 
instead  of  5**  per  minute. 

THE  THOMAS  TEST.* 

In  this  test  the  sample  is  heated  in  a  glass-stoppered  tube  in  an 
oil-bath  for  eight  hours  daily.  A  good  nitroglycerin  powder 
should  stand  four  days'  heating  at  94"* -96**  C.  without  developing 
brown  fumes  (N2O4) ;  a  good  nitrocellulose  and  nitrocellulose 
powder  should  not  show  fumes  before  three  days,  using  a  temper- 
ature of  99*'-ioi*' C. 

These  temperatures  are  too  low  to  produce  a  decisis  decompo- 
sition which  may  be  observed  by  the  appearance  of  brown  fumes ; 
it  is  hard  to  say  just  when  brown  fumes  appear.  Varying  amounts 
of  moisture  and  solvents  in  the  powder  will  give  different  pres- 
sures in  the  closed  tube,  and  consequently  different  results,  since 
pressure  affects  decomposition. 

THE  135"*  C.  TEST. 

Two  and  one-half  grams  of  the  explosive,  and  a  piece  of  blue 
litmus  paper  are  placed  in  a  strong  test-tube  (320x18  mm.) ;  the 
latter  is  tightly  corked  and  placed  in  a  bath  at  135"*  C.  Three 
observations  are  made:    (i)  Reddening  of  the  litmus  paper,  (2) 

1  Ztsehr.  anzew.  Chem.,  p.  1027  (1898). 
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brown  fumes  (N2O4),  and  (3)  explosion  of  the  sample.  The 
minimum  time  as  required  by  government  spedficaticms  for  these 
three  observations  is  as  follows : 

I4tmiis  red.  Nt04.  Bxploriem. 

Nitrocellulose 50  min.  45  min.  sbn. 

Nitrocellnlofle  powder i  hr.,  15  min.  2  his.  5  hit. 

Nitroglycerin  powder 30  min.  45  min.  5  hn. 

After  subjecting  a  large  number  of  samples  to  this  test  it  has  been 
found  that  any  one  of  these  three  observations  alone  is  not  always 
a  correct  indication  of  the  condition  or  stability  of  the  sample. 
To  illustrate: 

Zfitmnji  red.       Nf04.       Szplorion. 

Powder  No.  445 1.30  3.30  NoneinshzB. 

Powder  No.  265 2.05  2.45  3,25 

Powder  No.  445  is  a  good,  stable  powder,  while  No.  265  is  un- 
stable; yet  the  former  reddened  litmus  paper  before  the  latter. 
Again: 

I4t]nus  red.       Nt04.       Bxploskm. 

Powder  No.  265 2.05  2.45  3.25 

Powder  No.  610 2.05  2.45  .         None  in  5  hrs. 

Here  the  first  and  second  observations  are  alike,  but  No.  610  did 
not  explode  and  was  shown  by  other  tests  to  be  a  perfectly  stable 
powder.  No.  265  is  bad.  These  examples  show  that  the  reddening 
of  blue  litmus  paper  and  the  appearance  of  brown  fiunes  in  this 
test,  as  well  as  in  all  other  test?  where  these  observations  are  made, 
are  not  always  reliable  indications  of  the  relative  stability  of 
powders.  The  temperature  of  135^  C.  is  usually  considered  too 
high  for  stability  testing  as  it  may  cause  decompositions  not 
always  dependent  upon  the  stability.  In  this  test  it  is  somednies 
difficult  to  decide  when  the  litmus  paper  is  red,  and  when  there  is 
the  appearance  of  brown  fumes ;  two  operators  may  vary  thirty 
minutes  or  even  more  in  the  observations  of  this  test.  Different 
makes  of  litmus  paper  give  different  results ;  the  papers  used  by 
the  Ordnance  Department  are  made  according  to  specifications  by 
Eimer  and  Amend,  and  of  as  nearly  uniform  quality  and  sensitive- 
ness as  possible. 

By  keeping  all  conditions  as  nearly  uniform  as  possible,  this 
test  becomes  one  of  the  best  of  its  kind. 

THE  VIEIIXE  TEST. 
Ten  grams  of  the  explosive  are  placed  in  a  strong  glass  tube  or 
bottle,  a  piece  of  blue  litmus  paper  is  placed  above  the  sample  and 
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the  tube  closed  air-tight ;  the  tube  is  then  heated  in  an  air-bath  at 
no**  C.  until  the  litmus  paper  is  completely  reddened.  The  time 
required  for  this  reddening  is  noted,  the  bottle  removed  and 
opened ;  this  operation  is  repeated  daily  until  the  time  required  to 
redden  the  litmus  paper  is  one  hour  or  less;  of  course  a  clean 
bottle  and  fresh  paper  is  used  each  day.  The  daily  times  are 
added  and  the  total  (or  accumulated)  time  should  not  be  less  than 
thirty  hours  for  large  powders  (for  5-inch  gun  or  larger),  twenty 
hours  for  small  powders  (less  than  5  inches),  and  ten  hours  for 
nitrocellulose.  On  account  of  the  volatility  and  danger  of  explo- 
sion of  nitroglycerin,  powders  containing  it  cannot  be  tested  by 
this  method. 

The  reddening  of  the  litmus  paper  indicates  only  acid  products 
of  decomposition  and  is  affected  by  the  moisture-content  of  the 
sample.  It  is  practically  impossible  to  have  all  the  Vieille  bottles 
equally  tightly  closed;  experiments  have  shown  that  pressure  is 
an  important  factor  in  the  decomposition  of  nitrocellulose.  The 
personal  equation  of  the  operator  aflFects  the  readings;  varying 
results  are  obtained  unless  the  litmus  papers  used  are  uniform. 
The  papers  used  by  the  Ordnance  Department  are  the  same  as 
described  under  the  "135**  test." 

Results  obtained  by  the  Vieille  test  are  reliable  only  when  the 
explosiv  '«  very  good  or  very  bad, 

THE  WILL  TEST.* 

Nitrocellulose  is  decomposed  at  135**  C.  and  by  means  of  a 
current  of  carbon  dioxide,  the  products  of  decomposition  are  car- 
ried into  a  reduction  tube  containing  a  heated  spiral  of  copper 
gauze;  this  reduces  the  nitrogen  compounds  to  nitrogen  gas 
which  is  measured  over  sodium  hydroxide.  The  nitrogen  is 
measured  at  regular  intervals,  and  the  rate  of  evolution  is  taken  as 
an  index  of  the  decomposition.  A  nitrocellulose,  which  by  this 
test  gives  equal  quantities  of  nitrogen  in  equal  intervals  of  time,  is 
considered  by  Will  to  be  in  "the  limit  state  of  purification,"  and 
therefore  as  stable  as  possible.  Considering  the  principle  of  this 
test,  and  in  theory  it  should  give  better  results  than  any  of  the 
other  tests  so  far  described. 

Will's  test  was  thoroughly  tried  by  Mr.  C.  P.  Beistle  of  this 
laboratory,  no  expense  nor  time  being  spared  in  setting  up  the 

>  MiUh.a.  d.  CaardhUlUf.  H^Useiuckq/l.  UnUrsuch.,  December,  1900;  Neu  Babeltberg-, 
also  absL/.  Soe.  Ckem.  Ind,,  June  30,  1900. 
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rather  elaborate  and  complicated  apparatus  required,  and  in  con- 
ducting the  test.  The  results  obtained  were  unsatisfactory  and 
the  test  was  abandoned. 

The  following  reasons  are  given  as  the  cause  of  unsatisfactory 
results : 

(i)  The  temperature  135**  C.  is  too  high  for  stability  testing 
purposes. 

(2)  The  decomposition  is  measured  only  by  the  nitrogen 
evolved. 

(3)  From  Professor  Will's  experiments  and  diagrams  it  is  not 
at  all  clear  where  to  draw  the  line  between  a  stable  and  an  unstable 
product. 

(4)  The  statement  is  made  in  Professor  Will's  report  that  for 
i  certain  nitrocellulose,  heated  for  thirty  hours  and  losing  one- 
fourth  its  original  nitrogen,  the  evolution  of  nitrogen  in  equal 
intervals  of  time  was  identical,  while  in  another  place  it  is  stated 
that  10  grams  of  nitrocellulose  gave  four  times  the  amount  of 
nitr<^en  that  was  given  off  by  2.5  grams.  This  latter  statement 
is  correct,  judging  from  our  own  experiments,  but  it  contradicts 
the  former,  since  the  amount  of  unchanged  nitrocellulose  in  the 
former  experiment  is  constantly  decreasing. 

(5)  It  is  practically  impossible  to  buy  or  make  carbon  dioxide 
which  is  free  from  air ;  and  as  it  is  difficult  to  pass  carbon  dioxide 
through  the  apparatus  at  a  uniform  rate,  the  air-content  of  the  gas 
gives  rise  to  serious  errors,  and  if  the  current  be  too  fast  it  may 
cool  the  sample,  and  it  will  not  be  completely  absorbed  by  die 
sodium  hydroxide  solution;  if  too  slow,  the  gases  of  decompo- 
sition are  not  carried  away  fast  enough,  which  may  effect  the  de- 
composition, as  stated  by  Professor  Will. 

(6)  If  the  reduction  tube  and  copper  spirals  are  not  heated 
sufficiently  high,  or  the  current  of  carbon  dioxide  is  passed  tcofast. 
some  of  the  products  of  decomposition  may  escape  reduction. 

(7)  Unstable  products  are  liable  to  explode,  which  mgbt  cause 
considerable  annoyance  both  to  the  operator  and  the  apparatus. 

THB  NEW  TEST. 

From  a  study  of  the  old  stability  tests,  and  considering  what 
such  tests  really  ought  to  show,  it  must  be  apparent  that  none  of 
those  in  use  now  are  entirely  satisfactory.    At  this  laboratory, 

NoTB.— For  a  more  detailed  description  of  these  teste  and  iUustimtioiis  of  apparatoi^ 
see  article  by  the  writer  in  Jouf-nal  of  the  Firankhn  InstihtU^  March,  1903. 
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explosives  are  subjected  to  the  potassium-iodide-starch  test, 
explosion,  135®  C,  and  Vieille  tests;  having  made  these  test^  on 
each  sample  received,  it  is  unlikely  that  a  really  unstable  or  danger- 
ous explosive  has  ever  been  or  ever  will  be  accepted.  But  contra- 
dictory results  are  often  obtained  (see  Table  I),  due  to  weak 
points  of  these  tests. 

During  a  series  of  experiments  for  Captain  B.  W.  Dunn, 
Ordnance  Department,  U.  S.  Army,  to  examine  the  bdiavior  of 
powders  when  subjected  to  higher  temperatures  it  was  noticed 
that  for  the  same  temperature  there  is  a  great  variation  in  the 
behavior  of  different  powders.  (Credit  is  due  to  Captain  Dunn 
for  suggestions  and  aid  in  this  work.) 

If  the  decomposition  of  powders  increases  as  the  temperature 
increases,  then  the  behavior  of  these  powders  at  higher  tempera- 
tures is  an  index  of  their  behavior  at  low  temperatures.  To  prove 
the  relation  between  temperature  and  decomposition,  a  number  of 
powders  were  heated  on  watch-glasses  in  air-baths  regulated  to 
different  temperatures;  at  regular  intervals  the  samples  were 
cooled  in  a  desiccator,  weighed,  and  the  percentage  of  loss,  due  to 
decomposition  and  volatilization,  calculated.  In  this  series  of 
experiments,  powder  No.  179,  a  good  nitrocellulose  powder,  was 
subjected  to  temperatures^  of  80°,  100**,  no**,  lis"*  and  i^S"* ;  the 
losses  at  these  temperatures  are  shown  in  Pig.  i.  After  the  loss 
of  moisture  and  solvents,  the  volatilization  of  the  powder  pro- 
ceeds relatively  slowly,  but  with  an  increasing  rate  until  a  condi- 
tion is  reached  which  corresponds  to  the  breaking-point  of  the 
powder,  the  action  being  similar  in  many  respects  to  that  of  a 
metal  test  specimen  in  passing  its  elastic  limit.  The  new  test 
promises  to  give  us,  then.  The  Elastic  Limit  of  Powder  Resistance 
to  Heat,  and  this  is  the  new  measure  proposed  for  the  powder's 
stability.  In  Fig.  i,  the  110°  and  115**  curves  locate  this  elastic 
limit  more  definitely  than  the  others,  the  no**  curve  at  12,  and  the 
115®  curve  at  8  days.  It  is  also  located  at  12  days  by  the  loo** 
curve,  but  this  temperature  is  evidently  too  low.  It  was  not 
located  in  thirty  days  by  a  temperature  of  So*".  At  135**  no 
initial  stage  of  resistance  could  be  detected,  and  it  is  assumed  that 
at  this  temperature  all  powders  begin  to  break  down  immediately. 
From  the  curves  on  Fig.  i,  it  is  apparent  that  the  best  tempera- 
ture for  determining  the  elastic  limit  of  a  normal  powder  is  about 

>  All  temperatures  are  *C. 
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US'*.  Fig.  2  shows  100**,  no**  and  115°  curves  for  a  bad 
powder,  No.  391.  The  elastic  limit  at  1 10°  is  located  at  nine  days, 
and  at  115**  at  three  days.  These  results  (shown  in  Figs,  i  and  2) 
prove  that  there  is  a  definite  relation  between  decomposition  and 
temperature.  They  show  also  that  a  bad  powder  (No.  391)  de- 
composes much  faster,  reaching  the  elastic  limit  sooner  than  a 
good  one  (No.  179)  at  the  same  temperature;  after  forty-eight 
hours'  heating  at  US'",  No.  391  lost  21.55  P^'*  cent.,  while  No.  179 
lost  only  5.34  per  cent. 

The  relation  between  temperature  and  decomposition,  and  the 
fact  that  a  bad  powder  decomposes  faster  than  a  good  one  having 
been  proved  by  these  results,  it  remained  to  be  decided  which 
temperature  is  best  suited  to  distin^iish  a  bad  from  a  good 
powder.  This  required  a  long  series  of  experiments.  It  is  ob- 
vious, of  course,  that  the  lower  the  temperature  used,  the  more 
nearly  does  the  test  approach  conditions  to  which  a  powder  is 
liable  to  be  subjected  during  storage  and  handling ;  but,  the  higher 
the  temperature  used,  the  shorter  will  be  the  time  required  to  show 
sufficient  decomposition  to  distinguish  between  a  good  and  bad 
powder.  Although  it  is  very  desirable  to  shorten  the  time  required 
for  making  a  test,  it  is  not  advisable  to  sacrifice  accuracy  on  this 
account. 

As  may  be  seen  from. Fig.  i,  the  decomposition  of  a  powder  at 
80**  is  exceedingly  slow;  even  at  100**  it  is  still  very  slow  (Figs. 


Per  cent.  loss. 
Fig.  I. 
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Fig.  3. 

I,  2  and  3),  but  the  diflFerence  between  a  good  and  bad  powder 
becomes  quite  noticeable  at  lOO**,  as  shown  in  Fig.  3  by  No.  577 
(good)  and  No.  391  (bad).  However,  the  diflFerence  is  not 
suflficient,  and  the  time  required  is  too  lon^  to  be  used  as  a  prac- 
ticable test.  Decomposition  is  greatly  increased  at  iio^,  and  the 
diflFerence  between  good  and  bad  powders  becomes  greater;  this 
is  shown  in  Fig.  4,  where  Nos.  619,  445  and  577  are  very  good, 
and  Nos.  391,  326  and  546  F.  A.  are  very  bad  powders,  the  others 
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shown  being  intermediate.    Here  again  the  time  required  to  show 
the  differences  is  still  quite  long,  too  long  for  practical  testing. 

The  temperature  was  next  increased  to  iis"*,  and,  in  order  to 
avoid  possible  danger  frcxn  explosions,  the  exposures  were  made 
for  eight  hours  only  (during  working  hours)  ;  at  the  lower  tem- 
peratures the  tests  were  allowed  to  run  during  the  night.  Three 
grades  of  powders  were  used  for  all  tests — good,  bad,  and  inter- 
mediate or  doubtful.  At  115°,  decomposition  takes  place  rapidly, 
and  the  difference  between  good  and  bad  powders  becomes  appar- 
ent in  a  few  days  as  shown  in  Figs.  5,  6  and  7»  which  will  be  more 
fully  discussed  later. 
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Per  cent  Iom. 
Fig.  6. 

Some  experiments  were  made  at  120° ;  the  rate  of  decomposi- 
tion increased  at  this  temperature,  but  the  difference  between  a 
good  and  bad  powder  did  not  seem  as  great  as  at  1 15°,  all  powders 
decomposing  more  or  less  rapidly  at  120*^. 

Experiments  were  made  to  determine  the  combined  effect  of 
heat  and  pressure  on  powders ;  the  weighed  samples  were  placed 
in  small  tin  boxes  and  the  latter  sealed  (soldered)  air-tight ;  they 
were  then  exposed  to  80**  and  100**,  the  boxes  opened  and  weighed 
at  regular  intervals.  At  80®  decomposition  is  slow,  but  more 
rapid  than  jf  the  powder  were  heated  in  the  open  on  a  watch-glass, 
r.  g,,  No.  179  heated  at  80**  lost  9.90  per  cent,  in  forty-one  days 
when  sealed,  but  lost  only  2.85  per  cent,  when  heated  on  a  watch- 
glass  at  the  same  temperature  and  for  the  same  length  of  time. 
For  a  reasonably  short  time  of  exposure  the  difference  between  a 
good  and  a  bad  powder  at  80'',  sealed,  is  small.  At  100**,  scaled, 
the  difference  between  a  good  and  bad  powder  becomes  quite 
marked,  as  may  be  seen  from  Fig.  3 ;  this  figure  also  shows  that 
the  difference  between  a  good  (No.  577)  and  a  bad  powder  (Na 
391 )  is  greater  when  sealed  and  decomposed  under  pressure  than 
when  heated  in  the  open;  the  time  required  is  also  reasonably 
short.  It  will  be  observed  that  the  effect  of  pressure  is  the  same 
as  that  of  an  increase  in  temperature.  It  is  probable  that  more 
extensive  experience  may  result  in  the  adoption  of  a  "sealed" 
method  of  testing.  A  form  of  holder  must  be  devised,  however, 
better  than  the  bottles  used  in  the  Vieille  test.  The  sealit^ 
features  of  this  holder  must  be  reliable  and  convenient.    It  will 
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probably  be  of  metal  with  a  convenient  method  of  sealing  by  pres- 
sure derived  from  a  screw  thread,  and  not  depending  upon  a 
rubber  gasket.  In  addition  to  shortening  the  time  required  for 
tests  at  a  given  temperature,  the  sealing  method  is  preferred  be- 
cause it  corresponds  more  nearly  to  the  conditions  of  storage  of 
powders.  In  fixed  ammunition  the  powder  charges  are  almost  if 
not  quite  hermetically  sealed  to  make  the  ammunition  water-proof, 
and  when  stored  in  large  metal-lined  boxes  in  magazines  the  quan- 
tity of  powder  is  very  large  as  compared  with  test  specimens, 
and  the  space  for  the  volatile  matter  to  collect  very  small.  It  is 
intended  to  hermetically  seal  the  storage  cases  by  soldering. 

From  these  preliminary  experiments  it  appeared  that  when  heat- 
ing the  powders  unconfined,  115°  gave  the  best  results.  Consider- 
ing the  importance  of  a  knowledge  of  the  stability  of  a  powder, 
the  time  required  to  get  results  at  lis**  may  be  considered  reason- 
ably short. 

For  some  of  the  preliminary  tests  an  ordinary  sheet-copper 


uL 


Fig.  7. 


air-bath   or   oven   was   used;   the   temperature   was    regulated 
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by  means  of  a  gas  regulator  or  thermostat ;  however,  it  was  a 
matter  of  considerable  difficulty  to  keep  the  oven  at  115^, 
and  under  the  most  favorable  conditions  it  was  impossible  to  avoid 
variations  of  +  or  — i  ®  or  2**.  In  order  to  obtain  a  more  uniform 
temperature,  an  oven  shown  in  Fig.  i  (diagrammatic  sketch)  was 
devised.  The  oven  part  is  double-walled,  of  heavy  sheet-copper, 
similar  to  the  ordinary  double-walled  water-ovens ;  but  in  order  to 
prevent  bumping  and  jarring,  which  is  a  common  fault  of  all 
water-ovens,  the  bottom  part  of  the  inner  wall  was  made  slightly 
V-shaped ;  this  arrangement  causes  the  contents  of  the  oven  to 
boil  quietly,  and  effectively  prevents  bumping.  A  reflux  condenser 
in  the  top  of  the  oven  prevents  the  volatilization  of  the  bcMlin; 
mixture.  The  latter  consists  of  commercial  xylene  and  toluene  in 
such  proportion  that  when  the  mixture  is  boiling,  the  temperatnre 
of  the  air  on  the  inside  of  the  oven  is  115^.  This  arrangement  is 
simple  and  has  been  found  perfectly  satisfactory,  the  temperature 
varying  less  than  0.5 '^  +  or  — .  The  opening  £  is  for  a  thermom- 
eter; the  oven  has  two  shelves,  and  an  opening  (closed  by  a 
screw  plug)  for  introducing  the  xylene-toluene  mixture ;  these  are 
not  shown  in  the  sketch. 

The  test  adopted,  pending  further  developments,  is  as  follows: 
From  one  to  four  whole  pieces  of  the  powder  to  be  tested  arc 
weighed  on  a  watch-glass  and  heated  for  eight  hours  in  the  115' 
oven ;  the  sample  is  allowed  to  cool  in  a  desiccator  and  weighed; 
the  loss  in  weight  is  calculated  to  percentage.  This  is  repeated 
from  day  to  day  until  completion  of  test  (6  days,  or  less). 

A  large  number  of  powders  have  been  subjected  to  this  method 
of  testing,  and  some  of  the  results  are  shown  in  Figs.  5,  6  and  7. 
In  Fig.  5  the  powders  numbered  391,  293  and  265  are  bad,  4-11 
are  doubtful,  while  the  others  are  good.  In  Fig.  6,  Nos.  546 
F.  A.,  344  and  803  are  bad,  the  others  are  good.  In  Fig.  7,  Nos. 
326,  406  and  405  are  bad,  4-25  are  doubtful,  while  the  others  are 
good.  The  powders  indicated  as  bad  had  previously  been 
diagnosed  as  such  by  a  careful  study  of  the  combined  results  of 
four  of  the  old  stability  tests  (see  Table  I). 

In  the  new  test  at  115**  during  the  first  day's  heating,  a  good 
powder  losea  approximately  its  moisture  and  volatile  matters; 
after  this,  the  daily  loss  is  less  than  i  per  cent,  but  gradually  in- 
creases until  a  maximum  is  reached,  after  which  it  slowly  de- 
creases.   The  daily  loss  of  a  good  powder  does  not  exceed  i  per 
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cent,  before  the  sixth  day,  often  not  before  the  tenth  day.  The 
maximum  daily  loss  is  usually  not  reached  before  the  eighth  day. 
A  bad  powder  usually  loses  more  than  its  moisture  and  volatile 
matters  on  the  first  day;  the  daily  loss  is  more  than  i  per  cent, 
before  the  sixth  day  and  the  maximum  daily  loss  occurs  before  the 
eighth  day. 

The  total  loss  of  a  good  powder  for  six  days  is  less  than  10  per 
cent;  bad  powders  lose  considerably  more  than  10  per  cent,  in 
six  days.  By  this  test,  therefore,  it  is  possible  to  obtain  reliable 
indications  as  to  the  stability  of  a  powder  in  six  days  of  eight 
hours  each.  In  special  cases  where  it  is  necessary  to  get  results 
more  quickly,  the  exposures  could  be  made  for  twenty-four  hours, 
or  weighings  could  be  made  at  eight-hour  intervals,  and  results 
obtained  in  a  little  over  two  days. 

After  prolonged  heating,  good  and  bad  powders  approach  the 
same  total  loss  (Fig.  8).     Preliminary  analyses  of  the  residues 


Per  cent  Iom. 
Pig.  8. 

from  these  heat  tests  indicate  that  the  decomposition  of  the 
powders  by  heat  is  a  complex  reaction  or  process.  Most  powders 
become  quite  brittle  and  porous  but  still  retain  their  shape,  the 
decomposition  being  a  sort  of  destructive  distillation;  a  few 
powders,  usually  bad,  lost  their  shape,  being  fused  and  soft  while 
hot,  porous  and  brittle  when  cold.  The  percentage  of  nitrogen 
decreases  as  the  total  loss  increases.  With  a  total  loss  of  55  to 
56  per  cent,  the  nitrogen  in  the  residue  was  found  to  be  4.31  to 
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4.91  per  cent.  (15  samples  examined;  original  nitrogen  12.3710 
12.60  per  cent.).    This  agrees  with  the  fact  that  the  loss  cunres 


Per  cent.  loss. 
Fig.  9. 

(Fig.  8)  are  close  together  at  55  to  56  per  cent, 
uble"  nitrocellulose  increases  with  total  loss : 


'Acetone  insol- 


Total  loss. 
Per  cent. 

41.37 
55.67 
65.08 


>*Acetone  insoluble**  nitrocellulose. 

Per  cent. 

0.12 

0.72 

6.99 


Analysis  of  residues  as  well  as  volatile  products  of  decomposition 
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is  to  be  the  subject  of  future  investigation.  The  size  of  the  grain 
of  powder  affects  the  decomposition  slightly,  but  not  sufficiently  to 
be  taken  into  consideration  when  distinguishing  a  bad  from  a 
good  powder  by  this  test;  decomposition  of  a  powder  increases 
slowly  as  the  size  of  the  grain  increases ;  this  is  shown  in  Fig.  9. 
Powders  Nos  922,  924  and  926  are  made  from  the  same  lot  of 
nitrocellulose,  as  nearly  alike  as  possible,  except  in  size  as  indi- 
cated in  Fig.  9.  Powders  Nos.  391  and  546  F.  A.  are  bad  powders, 
shown  for  comparison. 

Results  of  four  old  stability  tests,  and  of  the  new  test,  arc 
shown  in  Table  I.  A  study  of  this  table  shows  that  the  old  tests 
often  give  contradictory  results,  due  to  weak  points  of  these  tests 
as  pointed  out  in  their  description.  The  requirements  for  a  good 
or  stable  powder  by  the  old  tests  are,  for 

Potassinm-iodide-starch  test,  10  minutes. 
Explosion  test,  177**  C. 

{Litmus  red,  1.15. 
N,04  fumes,  a.oo. 
Explosion,  none  in  five  hours. 
V  "11   t    t  i'^^^^y  hours  for  five-inch  powders. 

(Thirty  hours  for  powders  larger  than  five-inch  gun. 

Table  II,  made  from  Table  I  and  the  above  requirements,  shows 
how  results  from  the  old  tests  often  contradict  each  other  as  well 
as  that  obtained  from  the  new  test :  the  new  test  is  always  corrobo- 
rated by  one  or  more  of  the  old  tests. 

Tablb  II. 

PotaMium- 
New  iodide- 

1150  lUrch  Explomon  130^  Vieille 

No.  tent.  test.  tect.  test.  test. 

393 Bad  Good  Bad  Good  Good 

394 Good  Bad  Good  Good  Good 

326 Bad  Good  Bad  Bad  Bad 

344 Bad  Good  Bad  Bad  Bad 

396 Good  Good  Bad  Good  Bad 

405 Bad  Good  Bad  Good  Bad 

619 Good  Bad  Bad  Good  Good 

717 Good  Good  Bad  Good  Bad 

834 Good  Good  Bad  Good  Bad 

The  new  test  has  the  following  advantages  over  the  old  method : 

( 1 )  The  powder  is  tested  in  its  natural  condition. 

(2)  It  shows  all  products  of  decomposition ;  the  old  tests  show 
only  acid  products,  or,  the  Will  test,  only  nitrogen. 
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(3)  It  shows  the  decomposition  of  nitro-compounds  other  than 
nitrocellulose  which  are  often  present  in  a  finished  powder,  and  it 
also  shows  the  eflfect  of  this  decomposition  on  the  powder  itself. 

(4)  It  shows  the  effect  on  the  stability  of  a  powder,  of  small 
quantities  of  added  substances  (for  masking  stability  or  other 
purposes);  volatile  matter;  handling  and  working  which  may  set 
up  local  decomposition ;  traces  of  nitrating  acids  due  to  imperfect 
purification ;  decomposition  due  to  saponification^  by  water,  alka- 
lies, carbonates,  etc. 

(5)  It  shows  quantitatively  the  progress  of  all  decomposition. 

(6)  The  test  itself,  as  well  as  the  apparatus,  is  simple  and  not 
subject  to  variations  like  the  old  tests. 

CBXIOCAX.  XfikBORATOftT,  P&AXrKPOB.D  AASEXAL, 

Philadblphxa. 


A  5TUDY  OF  THE  DOUBLE  CYANIDES  OF  ZINC  WITH 
POTASSIUn  AND  WITH  SODIUM. 

Bt  W.  J.  SBASWOOD. 
Raoalv«d  Much  30,  tgn- 

During  the  precipitation  of  gold  and  silver  by  means  of  metallic 
zinc,  from  the  solutions  obtained  in  the  cyanide  process  of  extract- 
ing precious  metals  from  their  ores,  more  or  less  zinc  is  dissolved 
and  acctmiulates  to  a  certain  extent  in  these  solutions,  and  its  pres- 
ence in  some  instances  modifies  or  complicates  the  estimatioo  of 
the  simple  alkaline  cyanide  in  such  solutions,  and  also  slight^ 
affects  dieir  subsequent  action  on  some  of  the  constituents  of  the 
ores  or  other  materials  treated  by  them. 

A  typical  solution  might  have  originally  contained  one-fourdi  of 
I  per  cent,  of  potassium  C3ranide,  to  which  about  the  same  amount 
of  calcium  hydroxide  or  sodium  hydroxide  might  be  added,  after 
which,  with  occasional  additions  oJ:  the  same  reagents,  it  has  been 
filtered  alternately  through  pulverized  ore  and  finely  divided 
metallic  zipc,  several  tenths  of  a  per  cent  of  which  might  be  foood 
in  the  final  solution.  Some  discussion  has  arisen  as  to  the  forms 
in  which  the  zinc  and  cyanogen  may  be  distributed  in  such  a  solu- 
tion, whether,  for  instance,  the  zinc  is  in  the  form  of  a  zincate 
(K^ZnOs)  or  a  double  cyanide  (K^ZnCy^).  The  latter  opinioii 
has  been  more  generally  favored,  but  after  a  cyanide  solution  has 
been  in  use  for  some  months — ^judging  from  the  published  analyses 

1  Thomu :  ZUekr,  amgitm.  Oum,^  <iS99),  p.  55. 


DOUBLE  CYANIDES  OF  ZINC.  57 1 

of  Others  as  well  as  those  made  by  the  writer — ^the  zinc  will 
usually  be  found  considerably  in  excess  of  the  ratio  of  i  atom  zinc 
to  4  equivalents  of  cyanogen,  that  is,  of  the  cyanogen  contained  in 
simple  alkaline  cyanides  plus  that  in  the  double  zinc  cyanide, 
although  the  solution  may  still  have  an  excellent  solvent  action  on 
the  precious  metals  and  may  still  show  the  same  percentage  of 
"available"  cyanogen  by  the  usual  methods  of  titration  with  silver 
nitrate,  which  was  formerly  supposed  to  indicate  only  that  portion 
of  the  potassium  cyanide  which'  was  uncombined  with  zinc  and  so 
available  as  a  gold  solvent. 

A.  James^  proved  that  when  equivalent  weights  of  crystallized 
potassium  zinc  cyanide  and  caustic  potash  were  mixed  and  evapo- 
rated, the  crystals  deposited  were  still  almost  pure  double  zinc 
cyanide  and  contained  practically  all  the  cyanogen  present,  and* 
that  the  same  compound  separated  out  when  potassium  zincate 
was  mixed  with  a  potassium  cyanide  solution  and  evaporated. 
The  writer  has  confirmed  these  results,  and  also  found  that  almost 
any  compound  of  zinc,  dissolved  in  almost  any  proportion  in 
potassium  cyanide,  will  similarly  deposit  crystals  of  potassium 
zinc  cyanide,  proving  that,  in  saturated  solutions,  this  is  the  com- 
pound whidi  tends  to  form,  whether  by  virtue  of  greater  stability 
or  lesser  solubility.  In  the  dilute  solutions  met  with  in  metal- 
lurgical work  the  conditions  may  be  different,  but  it  is  difficult  to 
prove,  for  instance,  in  a  solution  containing  potassium,  zinc,  and 
cyanogen  in  the  proportions  corresponding  to  6K  -f  Zn  -|-  4Cy, 
whether  it  actually  contains  K^ZnO,  -f-  4KCy  or  K^nCy^  + 
4KOH,  as  the  results  of  titration  or  of  gravimetric  analysis  would 
be  the  same  in  either  case,  and  there  seems  to  be  no  direct  method 
of  settling  the  question. 

Some  attempts  were  therefore  made  to  decide  this  point  by 
indirect  means,  to  investigate  more  thoroughly  the  reac- 
tions which  take  place  when  various  zinc  compounds  are  dis- 
solved in  solutions  of  alkaline  cyanides,  or  zinc  cyanide  in  caustic 
alkalies,  and  to  determine  whether  there  is  any  appreciable  differ- 
ence in  the  effects  of  sodium  and  of  potassium  compounds  in  this 
directi<Mi,  as  might  be  inferred  from  the  different  constitutions 
assigned  by  Rammelsberg  (KsZnCy4  and  NaZnCy,)  to  the  double 
cyanides  of  zinc  with  these  metals.    The  results  of  the  work  in 

1 J  Soc  Cham,  Ind.^  i«,  lao  (1897). 
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this  connection  on  the  solvent  action  of  zinc  potassium  cyanide 
solutions  on  gold  have  been  already  published.' 

METHODS  OF  ANALYSIS. 

In  the  analyses  necessary  for  this  investigation  the  only  determi- 
nations required  were  those  of  zinc,  cyanogen,  and  alkali,  carbon- 
ate being  the  only  impurity  present  in  quantity.  In  the  crystals 
examined,  water  and  alkali-metal  were  also  weighed. 

Water  was  estimated  by  heating  the  crystals  to  i  lo**  C.  until 
constant  weight  was  attained. 

Zinc  was  determined  by  decomposing  with  hydrochloric  add, 
heating  to  expel  any  hydrocyanic  acid  present,  neutralizing  with 
sodium  hydroxide,  then  adding  a  constant  quantity  (3cc.)  of  strong 
hydrochloric  acid,  diluting  to  150  or  200  cc.  and  titrating  with  a 
weak  solution  of  potassium  f  errocyanide,  using  uranium  acetate  as 
indicator,  the  titration  being  carried  out  in  a  hot  solution,  and  a 
correction  (0.3  cc.)  being  deducted  for  the  quantity  necessary  to 
color  the  indicator. 

Cyanogen  was  estimated  by  dissolving  in  or  adding  ammonia, 
and  titrating  with  standard  silver  nitrate,  using  potassium  iodide 
as  an  indicator.  "Wlien  zinc  was  present,  an  excess  of  sodium 
hydroxide  was  also  added,  and  when  present  in  proportions  ap- 
proaching Zn  :4Cy  an  addition  of  one  part  in  200  was  made  to  the 
cyanogen  found  by  titration,  that  correction  having  been  found 
necessary  by  previous  experiments. 

Alkali  (potassium  or  sodium  cyanide  or  hydroxide)  was  titrated 
by  standard  sulphuric  acid,  using  phenolphthalein  as  an  indicator, 
or,  in  some  cases,  methyl  orange.  In  most  instances,  excepting 
the  earlier  experiments,  carbonates  had  been  removed  from  the 
solutions  by  means  of  lime,  and,  when  the  alkalinity  of  simple 
alkali-metal  cyanide  was  found  to  exceed  that  due  to  the  cyanogen 
present,  the  slight  excess  of  alkali  was  usually  neutralized  by  addi- 
tion of  standard  acid  in  small  quantity. 

Sodium  and  potassium  were  gravimetrically  determined,  in 
some  instances,  as  sulphates. 

The  probable  composition  of  the  solutions  was  calculated  as  follows : 
If  the  zinc  present  exceeded  the  ratio  Zn:4Cy  all  cyanogen  was 
reckoned  as  K2ZnCy4,  the  remaining  zinc  as  KsZnOj,  and  residual 
potassium  as  KOH.  If  the  zinc  present  were  below  the  amount 
corresponding  to  the  ratio  Zn  :4Cy,  zinc  was  reckoned  as  K,ZnCy«, 

>  Eng.  emd  Min.  /.,  64,  396,  436,  460. 
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the  remaining  cyanogen  as  KCy,  and  residual  potassium  as  KOH. 
In  the  few  cases  in  which  zinc  was  in  excess  of  the  ratio  Zn  :2K, 
the  excess  of  zinc  was  calculated  as  ZnCyj  and  the  remainder  as 
KjZnCy^  and  KjZnO,. 

PREPARATION  OF  ZINC  CYANIDE. 

The  standard  methods  recommended  for  its  preparation  are  the 
precipitation  of  a  zinc  salt  in  solution  by  means  of  potassium 
cyanide  (any  carbonate  in  which  coprecipitates  zinc  carbonate), 
and  passing  hydrocyanic  acid  into  a  solution  of  zinc  acetate,  when 
zinc  cyanide  separates.  Special  precautions  are  said  to  be  neces- 
sary.^ 

According  to  Gmelin's  "Handbook"  the  cyanide  precipitated  by 
the  first  method  contains : 

Prom  strong  Prom  weak 

solutions.  solutions. 

Per  cent.  Per  cent. 

ZnCy, 89.9  54.4 

ZnO 9.0  37.32 

HjO 2.0  8.25 

99-9  99-97 
Whence  the  percentage  of  the  total  zinc  present 

in  the  form  of  ZnCy,  is 87.2  50.2 

in  the  form  of  ZnO 12.8  49.8 

and  the  approximate  composition  is    7ZnCy,.ZnO  ZnCysZnO. 

Two  attempts  were  made  to  prepare  zinc  cyanide  by  passing 
hydrocyanic  acid  into  zinc  acetate  solution,  but  the  amount  of  pre- 
cipitate obtained  was  relatively  small,  and  action  seemed  to  cease 
at  an  early  stage,  presumably  owing  to  the  acetic  acid  set  free  pre- 
venting further  action  by  the  hydrocyanic  acid,  or  redissolving 
the  precipitate. 

A  10  per  cent,  solution  of  purified  zinc  sulphate  crystals  was 
then  precipitated  by  a  5  per  cent,  solution  of  "98  per  cent,  potas- 
sium cyanide"  containing  also  sodium  cyanide  and  carbonate,  the 
zinc  being  kept  in  slight  excess ;  the  precipitate  was  washed  free 
from  sulphate.  It  was  found  to  consist  of  a  mixture  of  zinc 
cyanide  with  some  zinc  carbonate  and  a  large  proportion  of  zinc 
oxide  or  hydroxide. 

>  Omelln*8  **Handbook«'*  (1854  ed.),  Vol.  VII.  p.  433;  Corriol  and  Berthemot:  J.  Pkarm.^ 
16,  444;  Br.  Arch.^  js,  153;  Repert^  36. 106;  Bette:  Ann.  Pharm.^  31,  3x4;  Henry:/.  t%arm.^ 
>8t  57  :  Schindler  :  Mag.  Pkarm.^  36,  67;  Wittstein  :  Repert,  63,  3x4;  Rammclsberg:  Bigg. 
Ahh.,  49,  XX4  ;  Joannis  :  Compt.  Rend.,  99, 1338. 14x7  ;  Wohler  :  Bert.  JakresL,  30, 153  : 
Oppennann  ijakresb.  d.  Ckemit  (i860),  p.  aa6  ;  Varet :  Compt.  rend,,  I03»  X70  ;  Ann.  cMim. 
P^Jf*'.  [73..XQ5  (1897). 
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A  second  lot  was  similarly  prepared^  but  the  cyanide  was  first 
carefully  freed  from  carbonate  by  means  of  lime,  and  freshly 
boiled  distilled  water  was  used  in  dissolving  and  washing.  This 
precipitate  was  found  practically  free  from  carbonate  but  only  58 
per  cent,  of  the  zinc  present  was  in  the  form  of  ZnCy,,  the  re- 
mainder being  presumably  oxide  ©r  hydroxide.  A  third  precipita- 
tion gave  55  per  cent,  of  the  zinc  in  the  form  of  cyanide.  In  these 
and  several  other  experiments  it  was  found  that  the  zinc  cyanide 
lost  cyanogen  on  washing,  becoming  more  and  more  basic,*  the 
wash-water  smelling  of  hydrocyanic  acid ;  after  long  washing,  the 
zinc  in  the  form  of  ZnCyj  approximated  50  per  cent,  of  the  total 
zinc  present,  indicating  the  composition  ZnCZnCy,.  This  can 
be  rapidly  estimated  by  shaking  up  the  precipitate,  taking  out  two 
equal  portions  of  the  emulsion  with  a  pipette  (2  cc.  if  thick,  or 
proportionately  more  if  much  water  is  present)  and  estimatiiig 
zinc  in  one  and  cyanogen  in  the  other  by  titration  with  ferro- 
cyanide  and  silver  nitrate  respectively. 

It  is  difficult  to  wash  freshly  precipitated  zinc  C3ranide;  it  settles 
very  slowly  in  water  and  will  pass  through  any  filter-paper; 
this  may  be  remedied  to  some  extent  by  adding  about  5  per  cent 
of  sodium  sulphate  to  the  first  wash-waters,  after  which  it  settles 
fairly  well,  so  that  the  water  can  mostly  be  decanied  or  siphoned 
off  after  five  or  ten  minutes'  standing. 

On  attempting  to  dry  the  precipitate  there  is  always  some  de- 
composition, ammonia  being  formed  for  one  thing;  on  allowing 
it  to  stand  in  the  moist  state,  some  ammonia  is  also  developed. 

The  best  results  in  preparation  were  obtained  by  first  roughly 
precipitating  a  quantity  of  zinc  cyanide  by  acting  on  zinc  stdphate 
with  carbonate-free  alkaline  cyanide;  then  adding  to  the  roughly 
washed  precipitate  more  alkaline  cyanide — slightly  in  excess  of 
the  amount  required  to  redissolve  it.  The  resulting  double 
cyanide  solution  was  filtered  clear,  titrated  to  determine  the 
amount  of  acid  necessary  to  decompose  the  alkaline  cyanide  and 
liberate  ZnCy,,  and  then  the  whole  was  decomposed  by  a  slight 
excess  of  sulphurc  acid,  added  with  constant  stirring.  The  pre- 
cipitation must  be  carried  on  in  a  good  draft  to  avoid  trouble 
with  the  hydrocyanic  acid  evolved.  The  vessel  was  then  covered 
and  allowed  to  stand  till  most  of  the  precipitate  had  settled ;  the 

>  Although  the  reaction  ZnCyi  +  HfO  «  ZnO  -h  sHCy  (diMolved)  is  atld  to  •bKoh  13 
to  16  heat  nnita. 
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bulk  of  the  clear  liquor  was  poured  off  and  the  precipitate  washed 
several  times  with  water,  the  first  one  or  two  lots  containing  a 
little  free  acid.  This  insures  the  evoluticm  or  presence  of  some 
hydrocyanic  acid  and  counteracts  the  tendency  of  the  water  to  hy- 
drolyze  the  cyanide  and  render  it  basic.  In  one  case,  the  washing 
was  conducted  with  a  solution  of  hydrocyanic  acid. 

Prepared  in  this  way  the  proportion,  by  weight,  of  zinc  to 
cyanogen  is  almost  exactly  5 14,  or  practically  all  the  zinc  is  in  the 
form  of  cyanide.  The  product  thus  obtained,  kept  as  an  emulsion, 
is  alluded  to  as  "pure  zinc  cyanide'' ;  that  obtained  in  earlier  tests 
and  approaching  the  composition  ZnCZnCy,  as  "basic  zinc 
cyanide." 

PRISFARATION    OP    PURE    CRYSTAU.IZED    POTASSIUM    ZINC    CYANmE, 

KjZnCy^. 
This  salt  crystallizes  readily  in  regular  octahedra,  and  was  easily 
prepared  in  solution  by  several  methods.^  It  was  obtained  in  a 
nearly  pure  form  by  first  precipitating  an  impure  basic  cyanide  by 
treating  zinc  sulphate  with  commercial  "98  per  cent."  cyanide, 
containing  about  one-third  sodium  and  two-thirds  potassium 
cyanide,  adding  to  the  washed  precipitate  enough  of  the  same 
cyanide  in  a  hot  solution  to  nearly  redissolve  it,  filtering,  cooling 
and  allowing  to  crystallize,  then  recrystallizing  the  product  three 
times  by  rapidly  cooling  a  hot  solution.  The  small  crystals  formed 
were  thrown  on  a  filter  and  sucked  dry  by  a  vacuum  pump,  washed 
twice  with  cold  water  and  sucked  dry ;  finally  they  were  dried  on 
filter-paper  and  kept  some  days  over  sulphuric  acid.  Water  was 
estimated  by  drying  at  iio^  C.  to  constant  weight;  on  further 
heating  there  was  no  appreciable  loss  short  of  fusion.  No  sodium 
was  detected. 

CalcnUited  for  FOand. 

KtZttCy4.  ^  '  ■  Aver- 

Fercent.  I.  n.  III.  IV.  age. 

Potaannm-...  31.56  3i*49  -"*  •***  **'  3I-49 

Zinc 36.39  26.16  26.16  26.32  ••>•  26.29 

Cyaiu^gen....  42.05  41.88  41.88  41.77  41-77  4i-^ 

Water aoo  0.20  •••-  ••••  ••••  0.20 

100.00  99.73 

The  composition  found  by  analysis,  therefore,  agrees  precisely  with 

1  Omeliii*!  "Handbook,**  Vol.  VII,  p.  43a;  Rammelsberg :  /tri*-  Ann,^  4a,  ixa  (i%7)  ; 
Ftcaealoa  and  Baidlin  :  Ann.  OUm.  (I4etiig),  43,  133 ;  Sharwood  :  £ng.  Min.J„  October 
9i  1897 :  Schlndler :  Mof,  Pkarm.,  36, 67. 
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the  percentage  composition  calculated  from  the  formula  assigned 
by  Rammelsberg,  whose  determinations  for  zinc  varied  from  25.25 
to  26.379. 

SOLUBILITY. 

This  salt  is  stated  in  Comey's  "Dictionary"  to  be  "easily  soluble 
in  cold  water."  The  mean  of  three  determinations  on  the  cr}'5tals 
above  described  gave  a  solubility  of  almost  exactly  1 1  grams  of 
potassium  zinc  cyanide  in  100  cc.  of  water  at  a  temperature  of 
20**  C,  but  there  is  some  tendency  to  form  supersaturated  solu- 
tions, and  at  higher  temperatures  the  solubility  is  considerabi? 
greater.  Only  a  minute  trace  was  found  to  be  dissolved  by  100 
cc.  ethyl  alcohol  of  specific  gravity  0.798  (99  per  cent.)  at  20*0 
In  wood  spirit,  turpentine,  ether,  chloroform,  acetone,  carboo 
disulphide,  coal  oil  and  gasoline  it  was  found  to  be  completeif 
insoluble. 

On  boiling  a  dilute  water  solution  of  this  salt  it  is  not  precipi- 
tated,' and  carbonic  acid  is  almost  without  effect  upon  the  solution. 

SODIUM  ZINC  CYANIDES,  NajZnCy^  and  NaZnCy,  +  2J4H5O.' 
The  only  reference  found  to  the  double  sodium-zinc  cyanide  was 
that  of  Rammelsberg,*  also  quoted  by  Gmelin's  "Handbook,"  Vol. 
VII,  p.  422. 

Rammelsberg  says,  in  effect:  "It  was  prepared  in  the  same  way 
as  the  potassium  salt  (acting  on  zinc  cyanide)  by  means  of  sodium 
cyanide.  The  latter  was  obtained  by  saturation  of  pure  (strong) 
hydrocyanic  acid  with  lime,  ^nd  decomposition  of  the  caldom 
cyanide  with  sodium  carbonate.  The  solution  of  the  double  zinc 
(sodium)  cyanide  leaves  first,  on  strong  concentration,  glittering 
white  leaflets,  the  precise  form  of  which  could  not  be  determined 
The  properties  of  this  salt  are  in  general  those  of  potassium  zinc 
cyanide,  but  it  is  very  readily  soluble  in  water,  and  holds  water 
combined ;  this,  however,  it  loses,  as  it  seems  completely,  at  200* 
C.  The  loss  of  weight  in  two  analyses  shows  21.71  and  23.88 
per  cent.  * 

"Analysis  of  the  desiccated  salt  shows : 

(i)  0.458  gram  gave  ZnO  0.2194  =  200.17584;  Na,S04  0.9i  =  Nao.o68i7*- 
(2)  0.51  gram  gave  ZnSOi  0.475  =  211  0.190695  ;  Na,S04  0.26  =  Nao.o847*» 

1  In  Morley  and  Muir's  edition  of  Watt**  * 'Dictionary,"  this  formula  is  inoortccUy 
quoted  as  NaZnCyy-sHfO. 

"  f^gg'  Ann.,  4a,  112  (1*837). 
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Whence  the  percentage  is : 

Calculated  for 

Obaenred  by  NaZnCy.  by  Recalculated 

RammeUbetv.  RammeUberg.  for  NaZoCyt.' 

Zinc 38.:,93      37.391  i^-^S  39^6 

Sodium 14.95 1      14.624  13.938  13.84 

Cyanogen  not  estimated  47.422  46.9 

Cyanogen  by  difference  (46.656)  (47.985 )         .  •  •  * 

100.01  loo.o 

Or  a  compound  of  2  equivalents  zinc  cyanide  with  i  equivalent  of 
sodum  cyanide,  with  which  5  equivalents  of  water  (HO  in  old 
atomic  weights,  f.  e.,  2.5  molecules  HjO  in  new  system)  appear  to 
be  combined,  which  would  make  21.23  per  cent,  water.  The  dis- 
crepancy between  the  found  and  calculated  results  lies  doubtless  in 
a  small  admixture  of  sodium  carbonate  which  was  always  mixed 
tvith  the  salts  examined" 

ATTEMPTS  AT  PREPARATION  OF  SODIUM   ZINC  CYANIDE. 

I  made  several  preliminary  attempts  to  obtain  this  salt  by  dis- 
solving precipitated  zinc  cyanide,  first  in  solutions  prepared  from 
the  "purest"  sodium  cyanide  on  the  market,  and  then  with  a  solu- 
tion of  caustic  soda  saturated  with  HCN.  The  only  crystals  ob- 
tained were  filmy  flakes,  left  when  the  solutions  had  been  evapo- 
rated to  a  thick  syrup  by  standing  several  weeks  in  desiccators 
over  sulphuric  acid. 

Larger  quantities  of  a  stronger  solution  were  then  prepared  but 
these  refused  to  crystallize  at  all  until  some  of  the  flakes  pre- 
viously obtained  were  dropped  in ;  this  induced  a  slow  deposition 
of  similar  leaf-like  crystals,  several  grams  of  which  were  finally 
obtained,  and  dried  by  pressing  between  filter-paper.  Analyses  of 
these  are  given  below  as  Samples  A  and  B.  On  attempting  to  re- 
dissolve  these  in  a  little  water,  so  as  to  recrystallize  and  purify 
them,  they  decomposed  to  some  extent,  an  insoluble  basic  cyanide 
of  zinc  separating  out  in  small  quantity ;  the  new  solution  could 
not  be  induced  to  crystallize.  It  was  impossible  to  free  them  com- 
pletely from  the  mother-liquor,  which  was  so  concentrated  as  to 
affect  the  analysis  seriously. 

Another  solution  was  similarly  prepared  and  allowed  to  stand 
over  sulphuric  acid  for  over  a  month  without  yielding  any  crystals ; 
it  was  then  left  out  of  doors  two  days  in  severely  cold  weather, 
the  temperature  ranging  from  o®  to  — 35®  C,  when  some  large 

»  W.  J.  S.:  p.  W.  Clarke'ii  atomic  weights. 
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tabular  crystals  were  formed ;  these,  however,  turned  out  to  consist 
chiefly  of  sodium  carbonate  with  56  per  cent,  of  water,  and  further 
crops  had  a  similar  composition. 

A  larger  quantity  of  sodium  cyanide  was  obtained  and  siniilariy 
saturated  with  zinc  cyanide,  after  removing  all  traces  of  carboo 
dioxide.  After  very  long  evaporation  a  number  of  octahedral 
crystals  were  found  which  yielded,  by  analysis,  zinc,  27  per  cent, 
cyanogen,  42.8  per  cent.,  water,  i  per  cent.,  proportions  corre- 
sponding closely  to  those  of  K2ZnCy4,  which  they  proved  to  be, 
resulting  from  a  small  amount  of  potassium  found  to  have  been 
present  in  the  sodium  cyanide  used  in  this  preparation. 

In  the  meantime  a  number  of  experiments  had  been  made 
which  seemed  to  indicate  the  solution  of  zinc  cyanide  in  practically 
equal  amounts  by  equivalent  quantities  of  potassium  and  sodium 
cyanide.  These  suggested  the  existence  of  the  compound 
NasZnCy4  in  solution  and  in  fact  proved  it  so  far  as  dilute  sohi- 
tions  are  concerned. 

The  ratio  of  zinc  to  cyanogen  in  the  mother-liquor,  from  the 
first  crop  of  crystals  of  sodium  zinc  cyanide,  also  corresponds  to 
the  existence  of  NajZnCy4  in  that  concentrated  solution.  Although 
the  sodium  zinc  cyanide  crystals  obtained  and  analyzed,  both  in 
this  investigation  and  by  Rammelsberg,  were  decidedly  impure, 
still  the  atomic  ratio  of  zinc  to  cyanogen  is  so  nearly  1 13  as  to 
make  it  almost  certain  that  Rammelsberg's  formula,  NaZnCya,  is 
correct.  There  must,  however,  remain  some  uncertainty  as  to  the 
degree  of  hydration  of  this  salt,  as  it  very  easily  loses  its  water  of 
crystallization.  Rammelsberg  stated  that  the  water  was  expelled 
onnpletely  at  200^  C.  In  my  experiments  it  was  found  to  lose  all 
but  2  per  cent,  by  drying  over  sulphuric  acid  in  z/acuo  at  about 
20**  C. ;  the  greater  portion  of  the  water  was  lost  at  about  70*  C, 
and  there  was  only  a  trifling  loss  of  weight  when  the  material, 
dried  at  no**,  was  heated  to  fusion. 

The  comparison  given  below,  of  the  composition  calculated  and 
found  for  the  anhydrous  compounds  shows  a  considerable  vari- 
ation in  different  analyses,  but  a  fair  approximation  to  the  atomic 
ratio  Zn:3Cy. 
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Perccntftcc  oonpontion. 

Water  AAhydroos  aalt.  Atomic  ntio. 

in 


80- 

diVBi. 

Zinc 

Cyano-                  Sodi-           Cyano- 
gen.    Water.      urn.  Zinc     gen. 

21.3 

30.3 

48.3       •••    a.o    i.o    4.0 

13.84 

39.26 

46.9         ...     1.0     1.0    3.0 

tSa. 

Ka,ZnC74 calculated    ••.• 

KaZnCy,  calcnlated    .... 

Rammelaberg  crys- 
tals, No.  i 21.7      14.95138.393    46.6563.28    1. 10  1.0    3.05 

RammelsDet^  crys- 
tals. No.  a 22.88    14.62437.391    47-9582.34    i.ii   J.O    3.22 

1^.  J.  S.  sample  A, 

dried  over  H2SO4.      2.0      19.3      34.2        45.8       ...     1,6     i.o    3.36 

IV.  J.  S.  sample  B, 
dried  on  filter- 
paper  ...... 26.0       ...      33.8        42.57    2.41       ..     1.0    5.16 

W.  J.  S.  sample  C, 
second  crop 23.6       ...      35.5       42.4      2.4        ..     1.0    3.0 

Mother-liquor . .     1.0    4.0 

The  mother-liquor  from  crystals  in  samples  A  and  B  was  of  9 
syrupy  consistency  and  had  a  specific  gravity  of  about  1.35.  One 
cubic  centimeter  was  found  to  contain  zinc,  205  milligrams, 
cyanogen,  327  milligrams,  corresponding  almost  exactly  to  the 
ratio  Zn:4Cy. 

If  the  sodium  is  calculated  to  correspond  to  the  ratio  2Na:Zn 
we  get  145  milligrams  per  cubic  centimeter,  or  a  total  of  677 
milligrams  in  i  cc.  or  1.35  grams  of  saturated  solution,  indicating 
that  this  salt,  Na^ZnCy^,  is  soluble  in  its  own  weight  of  water. 

METHOD  OF  CONDUCTING  EXPERIMENTS  ON  THE  ACTION  OP  POT/iS- 

SIUM  AND  SODIUM  HYDROXIDE  AND  CYANIDE  UPON 

ZINC     OXIDE     AND     CYANIDE. 

The  zinc  cyanide  was  obtained  in  the  form  of  an  emulsion ;  by 
shaking  this  up  and  removing  it  with  a  pipette  it  was  possible  to 
gauge  the  quantity  taken  to  within  about  i  to  1.5  per  cent.,  the 
material  having  been  previously  analyzed  and  being  kept  in  a 
stoppered  bottle.  The  zinc  oxide  was  weighed  out  in  most  cases. 
The  alkaline  cyanide  and  hydroxide  were  kept  in  the  form  of  fifth- 
normal  solutions— <iouble  the  strength  intended  for  the  experi- 
ments ;  except  in  preliminary  experiments,  the  carbonate  present 
was  removed  by  addition  of  lime.  Any  slight  excess  of  alkali  in 
the  qranide  solutions,  due  to  hydroxide,  was  usually  neutralized 
by  the  addition  of  standard  sulphuric  acid,  the  alkaline  sulphate 
thus  formed  not  interfering  with  the  results. 
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In  any  series  of  experiments  a  number  of  graduated  flasks  were 
taken,  and  with  a  pipette  of  half  their  capacity  they  were  half- 
filled  with  the  fifth-normal  solution  of  cyanide  or  hydroxide  of 
potassium  or  of  sodium.  Water  was  then  added  to  partly  fill  tbe 
remaining  half  of  the  flask,  then  the  zinc  oxide  was  added,  or  the 
zinc  cyanide  run  in  from  a  pipette  in  suitable  amount ;  then  water 
was  added  to  fill  the  vessel  to  the  mark  (or  slightly  above  the 
mark  when  the  solid  was  added  in  large  excess) ;  the  contents 
were  thoroughly  shaken,  and  allowed  to  stand  with  occasional 
shaking  for  some  hours  or  days,  either  in  the  cold  or  with  oca- 
sional  heating.  The  contents  were  finally  allowed  to  settle,  and 
aliquot  portions  of  the  clear  solution  were  removed  with  a  pipette 
for  analysis ;  zinc  and  cyanogen  alone  were  determined,  as  it  had 
been  found  that  no  alkali-metal  was  removed  from  the  solution.  In 
some  instances  the  solutions  were  filtered  off,  in  order  to  allow  of 
examining  the  precipitates. 

In  the  analyses  the  volumetric  solutions  were  adjusted  to  some 
multiple  of  normal  strength,  and  the  weights  of  alkali-metal,  zinc, 
or  cyanogen,  were  not  calculated  but  are  stated  as  so  many  atoms, 
molecules,  or  equivalents  per  100  cc.  of  solvent  used,  the  solvent 
being  decinormal  in  every  case.  One  "atom,"  "equivalent,"  etc., 
as  thus  used,  means  the  corresponding  weight  expressed  in  tenths 
of  milligrams.  In  the  tables,  therefore,  one  can  at  once  read,  from 
the  experimental  data,  the  number  of  atoms  of  zinc,  for  instance, 
which  passed  into  solution  in  a  particular  experiment,  by  the  action 
of  100  molecules  of  alkaline  cyanide  or  hydroxide. 

SOLVENT    ACTION    ON    GOLD    OF    SOLUTIONS    OF    POTASSIUM    ZINC 

CYANIDE. 

This  is  less  than  that  of  a  solution  of  simple  potassium  cyanide 
containing  the  same  amount,  or  one-half  the  amount,  of  cyanogen 
in  equal  volumes. 

It  is  increased  by  addition  of  caustic  alkali,  other  conditions 
remaining  the  same,  and  the  increase  is  greatest  in  those  solutions 
to  which  oxygen  has  the  freest  access. 

The  considerable  increase  in  solvent  power  observed  when 
caustic  potash  is  added  (always  providing  that  oxygen  is  acces- 
sible), coupled  with  the  superior  effect  of  free  potassium  cyanide, 
is  good  evidence  that  some  free  potassium  cyanide  is  formed  upon 
such  addition,  and  therefore  that  in  dilute  solutions  potassium  sine 
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cyanide  is  partially  decomposed  by  caustic  alkali,  with  formation 
of  simple  alkaline  cyanide,  in  accordance  with  the  principles  of 
chemical  equilibrium  between  substances  in  solution. 

ACTION  OP  DILUTE  SOLUTIONS  OF  ALKALINE  HYDROXIDES  ON  ZINC 

OXIDE. 

This  must  be  considered  in  connection  with  the  side-reactions 
involved  in  the  solution  of  zinc  oxide  in  alkaline  cyanides,  or  of 
zinc  cyanide  in  alkaline  hydroxide  solutions,  as  will  be  shown 
later. 

Prescott  and  Wilson^  have  shown  that  8  molecules  of  potassium 
hydroxide,  in  a  solution  of  normal  strength,  are  necessary  to  pre- 
cipitate and  redissolve  i  molecule  of  zinc  chloride  or  other  zinc 
salt,  and  that  7  molecules  of  sodium  hydroxide  produce  the  same 
effect.  Therefore  6  molecules  of  potassium  hydroxide,  or  5  of 
sodium  hydroxide,  are  the  least  quantities  which,  in  a  normal 
solution,  can  dissolve  freshly  precipitated  zinc  hydroxide.  The 
solutions  must  then  contain :  K^ZnO,  +  4KOH,  or  Na,ZnO,  + 
SNaOH. 

Heating  or  great  dilution  decomposed  or  dissociated  these  com- 
pounds, precipitating  zinc  oxide,  but  by  cautious  addition  of  acid 
all  the  excess  of  alkali  could  be  neutralized,  and  alkaline  zincate 
left. 

In  a  more  dilute,  such  as  a  decinormal,  solution  I  have  found 
the  amount  of  zinc  oxide  dissolved  per  unit  of  alkali  very  much 
smaller,  especially  when  a  dry  oxide  is  used,  but  that  by  careful 
neutralization  the  zincate  may  be  left  in  solution  if  a  very  slight 
amount  of  free  alkali  is  allowed  to  remain.  The  solution,  how- 
ever, is  always  precipitated  on  heating  unless  a  considerable  excess 
of  free  alkali  is  present. 

DECINORMAL    SOLUTIONS    OF    ALKALINE    HYDROXIDES    WITH    ZINC 

OXIDE. 

On  leaving  an  excess  of  dry,  finely  divided,  zinc  oxide  in  con- 
tact with  solutions  of  sodium  and  potassium  hydroxides,  both  of 
tenth-normal  strength,  for  several  days,  during  which  time  they 
were  frequently  agitated,  the  amounts  found  in  solution  were  as 
follows : 

1  This  Journal,  s,  a?. 
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Potassium  hydroxide,  deciaormal  solution  : 
(i)  Cold:  100  molecules  potassium  hydroxide  dissolved  2.x  molecnlei 
zinc  oxide. 

(2)  Cold :  100  molecules  potassium  hydroxide  dissolved  2.7  molecules 
zinc  oxide. 

(3)  Heated  gently  :  100  molecules  potasrium  hydroxide  dissolved  2.5  mole- 
cules zinc  oxide. 

Sodium  hydroxide,  dednormal  solution  : 

(i)  Cold:  100  molecules  sodium  hydroxide  dissolved '4.5  molecules  doc 
oxide. 

(2)  Warmed :  100  molecules  sodium  hydroxide  dissolved  8.3  molecnlei 
zinc  oxide. 

On  boiling,  either  of  the  above  solutions,  a  slight  precipitate  was 
thrown  down. 

The  only  importance  of  these  last  experimental  results  is  to 
show  how  little  tendency  there  is  for  the  alkaline  zincates  to  form 
in  these  dilute  solutions,  and  how  easily  they  are  decomposed. 

ACTION  OF  DILUTE  (dECINORMAL)  SOLUTIONS  OF  POTASSIUM  CYAN- 
IDE UPON  ZINC  CYANIDE. 

The  results  are  given  in  Table  I.  In  Nos.  i  to  4  the  potassium 
cyanide  contained  some  sodium  cyanide  and  a  little  carbonate;  the 
zinc  cyanide  was  also  basic.  In  Nos.  5  to  9  the  zinc  cyanide  was 
almost  exactly  normal,  but  in  5  to  8  it  had  been  kept  several  days 
and  may  have  commenced  to  decompose  with  the  formation  of  am- 
monia compounds. 

ACTION  OF  A  DILUTE  (dECINORMAL)  SOLUTION  OF  SODIUM  CYANIDE 
UPON  ZINC  CYANIDE. 

The  sodium  cyanide  used  contained  a  little  free  alkali,  but  only 
traces  of  other  impurities.  The  zinc  cyanide  was  almost  noraial 
and  recently  prepared :  5  cc.  of  the  emulsion  contained  approxi- 
mately 19  mol.  ZnCy,  +  i  mol.  ZnO. 

The  ratio  of  zinc  to  cyanogen  in  the  saturated  solutions  closely 
approximates  i  atom  to  4.  The  solution  appears  to  have  followed 
very  closely  the  reaction  corresponding  to  4NaCy -[- ZnCy,  = 
Na2ZnCy4,  and  it  is,  therefore,  probable  that  the  salt  Na^ZnCyt, 
analogous  to  the  corresponding  potassium  compound,  is  formed 
and  exists  in  these  dilute  solutions.  Increasing  the  proportion  of 
zinc  cyanide  beyond  that  indicated  in  the  equation  has  no  appreci- 
able effect,  the  excess  remaining  practically  unacted  upon. 
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Table  II.— NaCN  -h  ZnCy,. 

Bzperiment  No.                                                      x.  2.  3. 
Solvent  contained  in  100  cc. : 

Equivalents  Cy 100  100  100 

Atoms  Na 108.3  108.3  108.3 

Zinc  cyanide  used  : 

Cc.  emulsion 5.0  15.0  25.0 

Molecules  ZnCy, 19.0  57.0  95.0 

Molecules  ZnO i.o  3.0  5.0 

Hours  of  contact 24.0  120.0  i2ao 

Solution  analysis,  found  in  100  cc. : 

Equivalents  Cy   200.5  202.0 

Atoms  zinc 50.2  51.0 

Residue None  Moderate  Heavy 

Residue  analysis,  per  100  cc.  solution  : 

Equivalents  Cy o  9.0  82.0 

Atoms  Zn o  5.0  42.0 

Composition  calculated  :  molecules  per  100  cc.  of  solution  : 

In  solution  :  Na,ZnCy4 20.0  50.1  5a5 

Na,ZnOx 0.0  o.  i  0.5 

NaOH 10.3  8.1  6.3 

NaCy  in  excess 58.0  0.0  0.0 

In  residue  :  ZnCy, 0.0  4.5  41.0 

ZnO 0.0  0.5  1.0 

ACTION  OP  DILUTE  (dECINORMAL)  SOLUTIONS  OF  POTASSIUM  CYAN- 
IDE UPON  ZINC  OXIDE. 

In  all  but  the  first  four  experments,  the  results  of  which 
are  given  in  Table  III,  the  potassium  cyanide  solution 
was  free  from  carbonate,  and  the  small  amount  of  free  alkali 
found  was  carefully  neutralized  by  addition  of  standard  sulphuric 
acid.  A  residue  was  left  in  every  case  but  that  in  No.  7  was  ex- 
cessively small.  The  residue  was  tested  in  several  instances,  and 
proved  to  be  zinc  oxide  holding  a  mere  trace  of  cyanogen. 

Examining  the  results  obtained  with  cold  solutions  it  will  be 
seen  that  they  all  correspond  closely  to  the  equation : 
lOoKCy  +  3oZnO  +  20H2O  = 

25KaZnCy4  +  sK^ZnO,  -f  40KOH 
or,  simplifying, 

2oKCy  +  6ZnO  +  4H2O  =  sK^ZnCy^  +  K,ZnO,.8KOH; 
that  is  to  say,  that  the  potassium  cyanide  is  apparently  complctdy 
converted  into  the  double  zinc  potassium  cyanide,  with  formation 
of  potassium  hydroxide,  which  dissolves  a  further  portion  of  zinc 
oxide.    After  calculating  all  the  cyanogen  in  solution  to  K^nCyi, 
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the  residual  potassium  and  zinc  correspond  very  closely  to  the 
composition  KsZuOa-SKOH,  which  agrees  with  the  finding  of 
Prescott  and  Wilson/  that  8  molecules  of  potash  are  necessary  in 
a  normal  solution  to  precipitate  and  redissolve  i  molecule  of  zinc 
oxide,  corresponding  to  K^ZnOj^KOH  in  a  solution  of  normal 
strength,  while  a  larger  excess  of  alkali  is  required  for  solution  in 
a  weaker  solution,  such  as  the  decinormal  solution  used  in  these 
experiments. 

ACTION  OF  A  DILUTE  (dECINORMAL) SOLUTION  OF  SODIUM  CYANIDE 
UPON  ZINC  OXIDE. 

The  sodium  cyanide  used  was  of  the  very  highest  purity,  it  was 
freed  from  carbonates  by  lime-water,  and  the  slight  amount  of 
free  alkali  remaining  was  neutralized  by  standard  sulphuric  add. 
The  zinc  oxide  was  Merck's  chemically  pure,  prepared  by  a  dry 
process,  and  was  very  finely  divided.  Contact  was  maintained  for 
about  thirty-six  hours,  during  the  first  twenty-four  of  which  the 
mixtures  were  frequently  shaken. 

Table  IV.— NaCN  +  ZnO. 

Bzperiment  No.  x.  a.  3.  4.  5.  6. 

Solvent  contained  in  loo  cc: 

Equivalents  Cy 100  100  100         100  100  100 

Atoms  Na 100         100         100         100         100  100 

Zinc  oxide  added  in 
molecules 25  50  75         100  50  100 

Treatment Cold       Cold       Cold      Cold    Wanned  Warmed 

Found  in  resulting  solution  per  100  cc. : 

Equivalents  Cy  •••  •     100.5       loo.o  ••  100.0         99^) 

Atoms  zinc 23.2        30.0        30.0        30.3        28.5  28 J 

A  residue  was  left  in  every  case  but  No.  i,  in  which  all  but  a  mere 
trace  of  the  oxide  had  dissolved. 

From  the  very  close  agreement  of  the  ratio  between  the  rinc 
found  in  solution  and  the  solvent  taken,  with  the  similar  ratio  ob- 
served in  the  case  of  potassium  cyanide  solutions  acting  on  zinc 
oxide,  it  is  evident  that  the  reactions  in  the  two  cases  are  practi- 
cally ^identical.  The  calculation  of  the  molecular  composition  of 
the  resulting  solution  has,  therefore,  been  omitted. 

The  ratio  evidently  corresponds  to  the  reaction  between  ao  mole- 
cules NaCy  and  6  molecules  ZnO,  and  the  equation  corresponding 
may  be  stated : 
2oNaCy  +  6ZnO  +  4HaO  =  sNa^ZnCy^  +  Na^nO,,8NaOH. 

1  This  Joumftl,  a,  tj. 
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ACTION  OF  COLD  DILUTE  (dECINORMAL)   SOLUTIONS  OF  POTASSIUM 
HYDROXIDE  UPON  ZINC  CYANIDE.* 

The  potassium  hydroxide  used  was  freed  from  carbonate,  and 
the  zinc  cyanide  was  nearly  normal  and  recently  prepared. 

From  the  experimental  results  which  are  tabulated  in  Table  V 
it  appears  that  zinc  cyanide  is  dissolved  readily  and  permanently  by 
a  decinormal  solution  of  potassium  hydroxide,  up  to  the  point 
corresponding  to  the  proportion  2KOH  +  ZnCy, ;  further  addi- 
tions dissolve  less  readily  up  to  the  point  of  saturation,  which 
occurs  when  the  number  of  molecules  of  zinc  cyanide  added  ap- 
proaches that  of  the  potassium  hydroxide;  any  zinc  cyanide  in 
excess  of  the  proportion  ZnCy,  +  KOH  is  unacted  upon.  If  the 
solution  has  been  thus  saturated  with  zinc  cyanide,  or  if  the 
amount  dissolved  exceeds  the  proportion  i  molecule  ZnCy,  +  2 
molecules  KOH,  then  a  precipitate  soon  begins  to  form  and  con- 
tinues to  fall  out  for  some  time,  or  until  equilibrium  is  reached ; 
this  precipitate  consists  of  pure  zinc  oxide,  which  is  deposited  in  a 
finely  divided  form  and  adheres  closely  to  the  sides  of  the  contain- 
ing vessel. 

If  the  mixture  is  warmed,  the  precipitation  is  hastened  and 
equilibrium  is  soon  reached.  In  any  case,  the  finol  solution  ap- 
proaches the  composition  K2ZnCy4,  but  in  cases  where  the  zinc 
cyanide  is  but  slightly  in  excess  of  the  proportion  ZnCya+ 2KOH, 
an  appreciable  amount  of  potassium  zincate  seems  to  remain  in 
solution  unless  heat  is  applied,  when  it  soon  decomposes  with 
deposition  of  zinc  oxide. 

The  complete  reaction,  when  sine  cyanide  is  in  excess  and  after 
equilibrium  has  been  attained,  approaches  that  represented  by  the 
equation  2KOH  +  2ZnCy,  =  K^ZnCy^  -f  ZnO  -f  H,0.  If, 
however,  the  potassium  hydroxide  is  in  excess,  the  reaction  appears 
to  be  4KOH  +  2ZnCy,  =  KjZnCy^  +  K,ZnO,  +  2H,0.  If 
the  proportion  of  molecules  of  hydroxide  to  zinc  cyanide  lies  be- 
tween I :  I  and  2:1,  there  appears  to  be  a  mixed  reaction,  involving 
both  of  the  above  equations. 

The  composition  assigned  by  calculation  to  the  various  solutions 
examined,  as  r^fards  proportion  of  potassium  zinc  cyanide  and 
potassium  zincate,  is  verified  by  the  behavior  of  these  solutions  on 
heating,  those  in  which  the  larger  proportions  of  zincate  are  indi- 
cated depositing  the  heavier  precipitates  of  zinc  oxide. 

1  See  Carres  ^.and  B. 
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The  reaction  taking  place  when  the  larger  proportion  of  zinc 
cyanide  passes  into  unstable  solution — i  molecule  of  zinc  cyanide 
for  I  molecule  of  hydroxide  of  either  potassium  or  sodium  as 
shown  in  tables  V  and  VI — ^may  possibly  be  accounted  for  by  the 
formation  (in  the  latter  case)  of  the  unstable  compounds 
NaZnCy,^  and  Na^Zn^O,,*  and  possibly  KZnCyj  and  K^ZujO,;' 
in  the  former, 

6NaOH  +  eZnCy,  =  4NaZnCy,  +  Na,Zn,0,  +  3H,0, 
the  latter  compounds  splitting  up  to  form  sNa^ZnCy^  +  3ZnO. 
This  is  suggested  as  a  probable  explanation  of  the  instability  of 
the  solutions  thus  formed,  the  compounds  K^Zn^O,  and 
Na^Zn^O^HaO  (or  NaHZnO,)  being  stated  by  their  discoverers 
to  be.  decomposed  by  water,  while  from  the  experiments  already 
described  it  appears  that  NaZnCy,  is  obtained  only  in  concentrated 
solutions.  * 

The  curves  appended  show  more  clearly  the  variation  in  compo- 
sition found  with  addition  of  varying  proportions  of  zinc  cyanide 
and  constant  quantities  of  potassium  hydroxide.  Curve  A  indi- 
cates the  results  directly  obtained  by  analysis  of  solutions  and 
residues,  while  Curve  B  shows  the  molecular  proportions  of  double 
cyanide,  zincate,  and  other  products  calculated  therefrom. 
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The  fact  that  in  some  cases,  especially  when  the  proportion  of 
zinc  cyanide  was  very  large,  the  amounts  of  zinc  and  of  cyanogen 
finally  found  in  the  solution  were  somewhat  in  excess  of  those 
corresponding  to  the  formation  of  KjZnCy^,  may  be  explained 
either  by  the  dissolving  of  some  ZnCy,  as  such,  or  by  its  fonningf 
a  certain  proportion  of  KZnCy,  which  remains  undecomposed,  bat 
the  most  probable  explanation  is  the  formation  of  a  small  amount 
of  ammonia  in  the  zinc  cyanide,  eithier  before  or  during  the  experi- 
ments, 3  molecules  of  ammonia  having  been  found  to  dissohe  i 
molecule  of  zinc  cyanide,  when  applied  in  dilute  solution. 

ACTION  OF  DILUTE  (DECINORMAL)  SOLUTIONS  OF  SODIUM  HYDROX- 
IDE UPON  ZINC  CYANIDE. 

The  general  effects  on  mixing  zinc  cyanide  with  sodium  hydrox- 
ide were  similar  to  those  with  potassium  hydroxide.  The  zinc 
cyanide  dissolved  readily  on  the  first  additions,  then  more  slowly 
until  the  number  of  molecules  of  zinc  cyanide  dissolved  ap- 
proached that  of  the  sodium  hydroxide,  when  the  solution  became 
saturated :  on  standing,  such  a  saturated  solution  deposited  aboot 
half  the  dissolved  zinc  as  oxide.  In  the  final  solution,  however, 
the  proportion  of  cyanogen  present  to  sodium  hydroxide  taken  is 
smaller  than  is  the  case  with  an  equivalent  amount  of  potassium 
hydroxide,  when  an  excess  of  zinc  cyanide  is  used,  viz.,  about  ift) 
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equivalents  cyanogen  to  loo  of  soda,  as  against  about  200  cyanogen 
to  100  of  potash. 

The  extent  of  precipitation  upon  heating  the  clear  solutions 
agrees  in  a  general  way  with  the  proportion  of  zincate  calculated 
when  the  cyanogen  is  reckoned  as  Na^ZnCy^,  but  not  when  it  is 
reckoned  as  NaZnCy,. 

It  will  be  noted  that  the  values  for  Na,ZnCy4,  etc.,  in  Nos.  5, 6, 
and  7  fit  within  i  or  2  units  of  those  plotted  in  Curve  B  for 
KjZnCy^  on  the  parallel  experiments  with  KOH.  Compare  also 
Table  V. 

After  heating,  the  solution  was  examined  only  in  the  case  of  No. 
6,  the  analysis  of  which  showed  181  equivalents  cyanogen  and  46 
atoms  zinc,  corresponding  to  45.25  molecules  Na^ZnCy^,  as  before, 
0.75  molecule  Na^ZnO,,  and  8  molecules  NaOH,  which  would 
indicate  the  stability  of  the  compound  Na,ZnCy4,  confirmed  also 
by  the  results  of  No.  4,  the  unstable  sodium  zincate  being  almost 
completely  decomposed  by  the  heating. 

The  length  of  time  of  contact  in  experiments  i  to  4  was  not 
recorded  but  ^yas  at  least  three  to  four  days ;  in  Nos.  5  to  7  it  was 
forty-eight  hours. 

ACTION  OF  SODIUM  CARBONATE  SOLUTION  ON  ZINC  CYANIDE. 

A  solution  of  sodium  carbonate  of  known  strength  and  volume 
was  mixed  with  a  considerable  quantity  of  basic  zinc  cyanide. 
Two  such  mixtures  were  made,  each  was  placed  in  a  graduated 
vessel  and  water  added  till  the  total  volume  in  each  was  such  that 
100  cc.  contained  20  milligram-molecules  (200  mols)  Na^CO,. 
These  mixtures  were  left  for  forty-eight  hours.  No.  i  was  kept 
cold,  but  shaken  at  intervals.  No.  2  was  heated  to  boiling-point 
for  about  two  minutes  at  the  start,  and  again  after  twenty-four 
hours,  and  also  shaken  occasionally.  After  forty-eight  hours  zinc 
and  cyanogen  were  estimated  in  the  clear  solutions. 

The  character  of  the  semi-transparent,  gelatinous,  zinc  cyanide 
changed  soon  after  being  introduced,  very  rapidly  on  warming, 
becoming  dead-white  and  bulky, — resembling  zinc  carbonate, 
which  was  probably  formed  in  part.  The  residue  settled  slowly 
but  was  very  easily  filtered  off.  A  little  gas  was  given  off  from 
No.  2  after  heating. 
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No.  I.  No.  a. 

Treatment  (48  honn) Cold.  Heated. 

100  cc.  contain  finally : 

Atoms  Na  (from  solvent} 400.0  400.0 

Atoms  Zn  (dissolved) • 49.8  72.0 

Bqnivalents  Cy  (dissolved) • 144.0  236.0 

Ratio  Cy/Zn a.9  3.3 

RatioNa/Zn 8.0  5.5 

Ratio  Cy/Na 0.36  0.59 

There  seems  to  have  been  no  omiplete  reaction.  According  as 
NajZnCy4  or  NaZnCy,  were  formed  (see  soditim  zinc  cyanide 
above),  one  would  expect  a  reaction  such  as  illustrated  by  the 
equation 

Na,COa  +  2ZnCy,  =  Na^ZnCy^  +  ZnCO, 
or 

NajCO,  +  aZnCy,  =  2NaZnCy.  +  ZnCO,, 
as  zinc  carbonate  is  evidently  one  of  the  products.  The  latter 
reaction  (forming  NaZnCy,)  is  apparently  suggested  by  the  ratio 
of  the  zinc  and  cyanogen,  but  the  ratios  of  both  zinc  and  cyanogen 
to  sodium  are  so  small  as  to  make  it  certain  that  much  of  the 
sodium  carbonate  remained  undecomposed. 

The  resulting  clear  solution  acted  as  a  solvent  for  gold. 

SUMMARY  OP  RESULTS. 

When  an  alkaline  solution,  containing  potassitun,  zinc  a^id 
cyanogen,  is  concentrated,  potassium  zinc  cyanide  (K^ZnCy^) 
readily  crystallizes  out  and  can  be  easily  obtained  in  a  state  of  con- 
siderable purity.  This  salt  is  also  formed  in  solution  when  potas- 
sium cyanide  acts  on  zinc  cyanide  or  zinc  oxide,  or  when  potassium 
hydroxide  acts  upon  an  excess  of  zinc  cyanide,  as,  when  equilib- 
rium is  attained,  and  any  zincate  formed  is  decomposed  by  heating 
the  atomic  ratio  of  zinc  to  cyanogen  in  the  solution  is  almost  ex- 
actly 1 :4. 

A  sodium  cyanide  solution,  saturated  with  zinc  cyanide  and 
concentrated,  crystallizes  with  extreme  difficulty  to  form  hydrate 
crystals  of  sodium  zinc  cyanide  (NaZnCy,)  which  it  seems  im- 
possible to  obtain  pure,  and  which  decompose  to  some  extent  on 
addition  of  water,  precipitating  basic  zinc  cyanide.  This  salt  does 
not  appear  to  exist  in  the  solution,  as  the  mother-liquor  contains 
zinc  and  cyanogen  in  approximately  the  ratio  of  i  .'4.  Also  when 
dilute  solutions  of  sodiym  cyanide  act  on  zinc  cyanide  or  oxide,  or 
sodium  hydroxide  on  an  excess  of  zinc  cyanide,  the  atomic  ratio 
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of  zinc  to  cyanogen  in  the  resulting  solution  is  approximately  i  :4, 
so  that  the  compound  Na2ZnCy4  is  contained  both  in  dilute  and 
concentrated  solutions. 

The  hydroxides  of  potassium  or  sodium,  in  dednormal  solution, 
dissolve  very  little  zinc  oxide  when  agitated  with  it;  the  zincate 
formed  is  largely  decomposed  on  boiling,  depositing  zinc  oxide, 
even  in  the  presence  of  a  large  proportion  of  alkali. 

Potassium  cyanide,  in  dilute  solution,  dissolves  zinc  cyanide  in 
accordance  with  the  equation 

2KCy  +  ZnCy,  =  K^ZnCy^, 
forming  a  stable  solution,  little  affected  by  long  boiling  or  by  the 
presence  of  carbonic  acid.  In  dilute  solutions,  sodium  cyanide 
appears  to  follow  a  similar  reaction  with  zinc  cyanide,  2NaCy  + 
ZnCy,  =  Na2ZnCy4,  but  on  concentrating  the  solutions  the  forma- 
tion of  the  crystals  of  a  different  compound  indicates  that  the  reac- 
tion NaCy  +  ZnCy,  =  NaZnCy,  takes  place  under  certain  a»idi- 
tions. 

Potassium  cyanide,  in  decinormal  solution,  dissolves  small  pro- 
portions of  zinc  oxide  completely.  When  the  zinc  oxide  is  present 
in  excess,  it  is  dissolved  in  the  proportion  of  3  molecules  of  zinc 
oxide  for  10  molecules  of  potassium  cyanide,  agreeing  with  tfie 
equation 

2oKCy  +  6ZnO  -f  4H,0  =  sK^ZnCy,  +  K,ZnO,.8KOH, 
which  may  be  explained  as  taking  place  in  two  steps, 

4KCy  -f  ZnO  +  H,0  =  K^ZnCy^  +  2KOH, 
the  potassium  hydroxide  further  reacting, 

loKOH  +  ZnO  =  K,ZnO,.8KOH  +  H,0. 
On  boiling  the  solution  of  mixed  double  cyanide  and  zincate,  Ae 
latter  is  partially  decomposed  with  precipitation  of  zinc  oxide. 

With  dilute  solutions  of  sodium  cyanide,  the  effects  upon  zinc 
cyanide  are  precisely  similar  to  those  9bserved  with  potassium 
cyanide  under  similar  conditions. 

Dilute  solutions  of  potassium  hydroxide  dissolve  zinc  cyanide 
If  the  zinc  cyanide  is  in  less  than  the  proportion  corresponding  to 
ZnCy, +  2KOH,  it  is  dissolved  completely  and  permanently: 

4KOH  -f  2ZnCy,  =  K^ZnCy^  +  K^ZnO,  +  2HA 
although  upon  heating  the  solution  most  of  the  zincate  is  deoom- 
posed  with  precipitation  of  zinc  oxide,  leaving  free  alkali  in  solu- 
tion.   Zinc  cyanide  is  also  completely  dissolved  in  proportions 
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up  to  that  of  ZnCy,  +  KOH,  but  a  precipitate  of  zinc  oxide  begins 
shortly  to  fall  out.  Any  zinc  cyanide  in  excess  of  the  last  propor- 
tion stated  is  unaffected  by  the  solvent. 

When  the  zinc  cyanide  corresponds  to,  or  is  in  excess  of,  the 
proportion  of  i  molecule  to  i  of  hydroxide,  it  is  dissolved  in  that 
proportion,  but  one-half  of  the  zinc  separates  out  as  oxide,  the 
separation  beginning  soon  after  solution,  and  going  on  slowly. 
The  complete  reaction,  with  an  excess  of  zinc  cyanide,  and  after 
equilibrium  has  been  attained  by  the  separation  of  oxide,  agrees 
with  the  equation 

2KOH  +  2ZnCy,  =  K,ZnCy,  +  ZnO  +  H,0. 
When  a  very  large  excess  of  zinc  cyanide  had  been  added,  the  zinc 
and  cyanogen  in  solution  sometimes  slightly  exceeded  the  propor- 
tions indicated  by  this  equation,  probably  owing  to  the  develop- 
ment of  a  little  ammonia  by  the  decomposition  of  zinc  cyanide  be- 
fore or  during  the  experiment. 

With  sodium  hydroxide  and  zinc  cyanide  the  general  effects 
observed  were  precisely  similar  to  those  just  described,  but  rather 
less  of  the  zinc  cyanide  was  dissolved  in  the  6old  than  would  cor- 
respond to  a  reaction  exactly  parallel  to  that  with  potassium 
hydroxide.  On  heating  the  solution,  however,  a  little  more  zinc 
oxide  separated,  and  the  proportion  of  zinc  and  cyanogen  in  solu- 
tion then  agreed  closely  with  the  formula  NajZnCy^. 

The  solution  of  so  large  a  proportion  of  zinc  cyanide  by  the 
caustic  alkalies  (i  molecule  for  each  molecule  of  hydroxide), 
when  first  brought  together,  is  somewhat  difficult  of  explanation. 
It  seems  most  probable  that  some  compounds,  richer  in  zinc  than 
the  salts  Na^ZnCy^  and  Na^ZnOj,  are  temporarily  formed,  e.  ^., 
by  scxne  such  reaction  as  the  followiflg, 

6NaOH  -t-  6ZnCy2  =  4NaZnCy,  +  Na,Zn  A  +  3H,0, 
which,  being  unstable  in  dilute  solution,  soon  break  up; 

4NaZnCy3  +  Na^Zuj^O,  =  sNa^ZnCy^  -f-  aZnO, 
similar  reactions  taking  place  with  the  potassium  compounds. 

Although  the  potassium  zinc  cyanide,  KaZnCy4,  is  exceedingly 
stable  at  very  var3nng  temperatures  and  degrees  of  dilution,  and 
crystallizes  readily  out  of  impure  and  strongly  alkaline  solutions, 
still  the  reaction 

KjZnCy,  +  2KOH  =  K^ZnO,  +  4KCy  +  H,0, 
or  a  similar  one,  appears  to  take  place,  probably  to  a  limited  ex- 
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tent,  when  the  double  cyanide  is  mixed  with  potassium  hydroxide 
in  solution,  for  the  gold-dissolving  power  of  a  double  cyanide 
solution  is  considerably  increased  by  addition  of  caustic  alkali,  the 
increment  of  solvent  power  decreasing  for  successive  equal  addi- 
tions of  alkali. 

Several  other  reactions  have  been  suggested  as  taking  place 
.  between  some  of  the  substances  investigated,  but  no  experimental 
verification  has  been  found  for  those  investigated;  for  instance, 
the  equation   K^ZnCy^  +  2KOH  =  Zn(OH), +  4KCy   is  con- 
trary to  all  observed  facts. 


THE  ALKALOIDS  OP  ADLUHIA  CIRRHOSA. 

By  J.  O.  SCHXXJTTBKBBCK  A.ND  H.  C  WaTKUCB. 
IUc«iv«d  Maidi  St,  I903* 

[second  paper.] 

In  a  previous  paper,^  "Adlumia  Cirrhosa,  a  New  Protopine- 
bearing  Plant,"  the  preliminary  experiments  upon  the  root  of  the 
first  year's  plant  of  this  biennial  were  reported.  Of  the  dried  root 
only  about  100  grams  were  available  and  it  was  treated  as  follows: 
It  was  first  moistened  with  dilute  ammonia  water  for  the  purpose 
of  liberating  the  alkaloids  from  their  combinations  with  adds.  To 
avoid  any  possible  change  in  the  nature  of  the  ccmstituents»  the 
powder  was  dried  at  room  temperature  by  spreading  out  in  thin 
layers  in  a  room  in  which  there  was  good  circulation  of  air.  The 
drug  was  now  exhausted  with  chloroform  in  a  Soxhlet  apparatus 
since  most  free  alkaloids  are  easily  soluble  in  this  solvent.  The 
chloroform  was  recovered  |rom  the  solution  by  distillation  and 
the  stiff,  waxy  residue  then  repeatedly  digested  with  hbt,  very 
dilute  acetic  acid  until  all  alkaloidal  matter  had  been  extracted. 
The  combined  acid  aqueous  extracts  were  concentrated,  cooled« 
filtered  and  precipitated  with  ammonia  water,  being  careful  to 
avoid  a  great  excess.  The  curdy  precipitate  was  dioiougfaly 
washed  on  a  filter,  redissolved  in  dilute  acetic  acid,  placed  in  a 
separator,  made  alkaline  with  ammonia  and  shaken  out  with  ether. 
Solution  of  the  alkaloid  was  almost  instantaneous  but  only  tempo- 
rary. The  ethereal  liquid  was  passed  through  a  tuft  of  cotton 
into  a  wide-mouthed  flask  and  set  aside.    In  a  very  short  time 
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crystals  began  to  separate  and  in  the  course  of  two  hours  most  of 
the  alkaloid  had  crystallized  out.  This  alkaloid  upon  purification 
was  found  to  be  protopine,  and  at  the  time  it  was  thought  that  this 
was  the  only  alkaloid  present  in  the  root. 

Wishing  to  continue  the  chemical  study  of  this  interesting  and 
widely  known  plant,  an  endeavor  was  made  to  secure  it  in  large 
quantities.  Although  it  is  claimed  that  it  grows  wild  in  wet  woods 
from  New  England  to  Michigan  and  eastern  Kansas  southward, 
it  was  impossible  to  obtain  the  plant  from  botanic  druggists,  and 
collectors  could  not  be  found  to  gather  it.  It  was  then  decided  to 
grow  it  ourselves.  The  small,  shiny  black  seeds  were  obtained 
without  difficulty  from  seedsmen  and  sowed  as  directed,  in  spring. 
Not  a  single  seed  germinated  that  year.  Not  desiring  to  postpone 
the  work  for  a  year,  growing  plants  were  solicited  from  the 
citizens  of  Ann  Arbor  who  grow  it  quite  generally  about  porches 
and  doorsteps.  About  150  of  the  first  year's  plants  and  sufficient 
of  the  second  year's  vine  to  make  about  15  pounds  when  dry  were 
kindly  donated.  The  growing  plants  were  transplanted  to  the 
experimental  garden  and  the  following  year's  crop  reserved  for 
further  study.  It  has  since  been  learned  that  the  seeds  are  very 
slow  in  germinating  and  must  be  sown  in  a  cool,  moist  soil. 

Self-sown  seeds  do  not  germinate  as  a  rule  until  June  of  the 
following  year. 

In  the  present  study  the  entire  plant  of  the  second  year's  growth 
was  employed,  no  attempt  being  made  to  separate  root  from  stem 
or  leaves.  The  finely  ground  drug  was  treated  exactly  as  outlined 
above.  About  30  grams  of  a  dirty  gray  mass  of  alkaloids  was  ob- 
tained and  after  redissolving  in  dilute  acetic  acid,  making  alkaline 
with  ammonia  water  and  shaking  out  with  ether,  several  different 
forms  of  crystals  separated.  They  were  isolated  as  far  as  pos- 
sible mechanically,  and  each  one  purified  by  many  recrystalliza- 
tions.  Five  distinct  alkaloids  were  isolated  by  fractional  crystal- 
lization as  follows: 

ALKALOID   I,   PROTOPINE. 

The  identity  of  this  alkaloid  was  established  in  the  preliminary 
examination  which  has  been  reported.  It  has  the  composition 
C,oHi.NO,  and  melts  at  204^-205**  C. 


59^  J*  O.  SCHLOTTSRBBCK  AND  H.  C.  WATKINS. 

ALKALOID  II,  >9-HOMOCHBUDONINB. 

This  alkaloid  crystallized  in  rather  characteristic  form,  vis.,  in 
beautiful  clusters  or  rosettes  of  boat-shaped  crystals  with  tmn- 
cated  ends.  When  purified,  the  crystals  melted  at  159®  C.  Sd- 
phuric  acid  gives  at  once  a  rose-pink  color  which  is  intensified 
when  the  vapor  of  nitric  acid  is  blown  over  it.  Erdman'sT  reagent 
colors  it  yellowish,  then  passing  into  beautiful  violet. 

Combusti<His  gave  the  following  results : 

FtmiML 

Calculated  for  /  ^  ^ 

CnHaNOi.  I.  n. 

Carbon 68.37  68.66  68.6 

Hydrogen 6.34  6.2  6.9 

Nitrogen 3.8  3.8  3.76 

ALKALOID  III,  ADLUMINfi. 

This  alkaloid  constituted  the  principal  portion  of  the  entire  or 
total  alkaloid.  After  purification  it  melted  at  188**  C.  It  crystal- 
lizes easily  and  in  beautiful  large  crystals.  A  mixture  of  diloro- 
form  and  alcc^ol  constitutes  the  best  crystallizing  medium,  from 
which  large  colorless,  orthorhombic  crystals  can  be  obtained. 

The  following  color  tests  were  obtained : 

Sulphuric  acid Lemon-yellow. 

Brdmann's  reagent Olive-green  to  brown,  then  wine-red. 

Nitric  acid Lemon-yellow  to  orange. 

Marquis'  reagent Light  3rellow,  changing  to  lavender. 

A  weighed  quantity  of  desiccator-dried  material  lost  no  weight 
upon  heating  for  several  hours  at  100 **  C.  It  therefore  contains 
no  water  of  crystallization.  The  material  at  hand  permitted  the 
following  combustions  for  composition : 

Fcmnd. 

Calculated  for  Calculated  for                                «  » 

CMH«NOit.  C»H«|NOis.               L               n.  m. 

Carbon 65.62  65.45  65.95  65.77  65.45 

Hydrogen  ..      54^'  5-74  5-75         5^^  5-59 

Nitrogen  •••       1.97  1.96  2.08         2.18  2.02 

Oxygen 26.95  26.85  26.22  26.41  A94 

From  the  above  results  alone  it  is  impossible  to  determine,  widi 
certainty,  whether  the  formula  is  C„H,pNOi,  or  CjgH^iNOu,  the 
difference  of  two  atoms  of  hydrogen  being  difficult  to  adjust  be- 
cause of  the  size  ot  the  molecule. 

Platinum  chloride  does  not  precipitate  the  alkaloid  from  its  sdn- 
tion.    Gold  chloride  throws  down  a  copious  yellow,  amorphoas 
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precipitate,  which  can  be  crystallized  by  redissolving  in  hot  water 
and  allowing  to  cool.  The  crystals  of  the  gold  salt  are  deep 
orange-red  in  color,  and  contain  no  water  of  crystallization.  Dur- 
ing crystallization,  a  part  of  the  gold  is  reduced.  Incineration  of 
the  gold  salt  did  not  furnish  concordant  results,  as  we  were  prob- 
ably dealing  with  a  mixture  of  reduced  gold  and  gold  salt.  This 
reaction  will  be  studied  further  when  more  material  is  available. 

Determination  of  Methoxyls. — Of  the  pure  alkaloid,  o.ioo  gram 
was  treated  according  to  the  Zeissel  metliod  for  the  determination 
of  methoxyls.  An  abundant  precipitate  of  Agl  was  formed  in 
the  flask  containing  the  AgNO,  solution.  ,  This  was  transferred 
to  a  Gooch  crucible  thoroughly  washed,  dried  and  weighed.  The 
weight  of  Agl  (0.847  R^am)  is  equivalent  to  8.68  per  cent, 
methoxyl  calculated  from  the  formula  having  the  higher  hydrogen 
content.    This  is  exactly  equal  to  two  methoxyl  groups. 

Determination  of  Hydroxyls, — ^A  small  amount  of  the  pure 
alkaloid  was  heated  with  acetic  anhydride  on  the  steam-bath  for 
several  hours  and  the  solution  then  evaporated  to  dryness.  The 
amber-colored  residue  was  taken  up  with  a  little  chloroform,  alco- 
hol added  and  set  aside.  Colorless  crystals,  which  melted  at  177* 
C.  when  purified,  separated  quite  rapidly. 

Of  this  compound,  0.1412  gram  was  saponified  by  boiling  with 
freshly  prepared  Mg(OH)j  under  a  reflux  condenser  for  two 
hours.  Upon  cooling,  the  liquid  was  filtered,  the  precipitate  thor- 
oughly washed,  all  the  washings  combined  and  concentrated  and 
the  magnesia  determined  as  Mg^fi^.  The  weight  obtained  was 
0.0202  Mg^PsOf  which  is  equivalent  to  5.54  per  cent,  of  the  acetic 
radical.  Theory  requires  5.68  per  cent,  for  one  acetyl  group  based 
on  the  formula  with  higher  molecular  weight. 

The  compound  is  then  written  CstH„(OH)  (OCHa),NOa. 

Finally,  tfiis  alkaloid,  which  we  have  named  adlumine  because  it 
seems  not  to  have  been  known  before,  rotates  the  plane  of  polar- 
ized light  (flr)D  =  +39-88. 

ALKALOID  IV,  ADLUMIDINE. 

This  alkaloid  crystallizes  in  small,  almost  colorless,  square  plates 
melting  at  234**  C.  When  perfectly  pure  it  is  colorless,  but  it  is 
extremely  difiicult  to  remove  the  last  traces  of  the  yellow  color 
which  adheres  to  it.  It  appears  to  be  also  a  new  alkaloid  and  we 
have  therefore  named  it  adlumidine. 
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The  quantity  available  was  too  small  to  permit  of  more  than  tbe 
following  combustions: 

Ponnd. 
Calculated  for  ^  *  > 

C«)Ht»NO«.  I.  II.  nL 

Carbon 65.6  65.69             65.45 

Hydrogen 5.5                    5.6  5.1  5.2 

Nitrogen 2.54                  2.6  ....  2.65 

Oxygen 26.5  26.11  ....  16.72 

•The  color  reactions  are  striking. 

Sulphuric  acid Bright  red,  changing  to  olive-brown,  then  pink. 

£rdmann*8  reagent . . .  .Brick-red,  changing  to  shades  of  green,  to  brown. 

Nitric  acid Or^ge  to  light  yellow. 

Marquis'  reagent Bright  red  to  dark  brown,  then  purple-violet 

ALKALOID  V^  UNNAMED. 

This  alkaloid  was  found  in  such  small  quantity  that  only  the 
melting-point  176^-177**  C.  and  the  color  relictions  could  be  de- 
termined. 

Sulphuric  add Light  yellow. 

Erdmann*8  reagent Dirty  olive,  brown,  wine-xtd. 

Nitric  acid Light  yellow. 

Marquis'  reagent No  color. 

ORGANIC  ACIDS. 

The  dregs  left  after  removing  the  alkaloids  with  chlorof<Hin 
were  percolated  with  boiling  water  and  the  percolate  concentrated 
to  a  small  volume.  Upon  cooling,  a  crystalline  sediment  accumu- 
lated in  the  bottom  of  the  dish.  This  dark-colored  deposit  was 
collected  on  a  Biichner  filter  and  thoroughly  washed  with  cold 
water.  There  was  left  a  grayish  granular  mass  of  salts  of  am- 
monia and  calcium.  This  mass  was  dissolved  in  hot  water  with 
the  aid  of  a  little  acetic  acid,  and  then  precipitated  with  a  solutioa 
of  lead  subacetate.  This  precipitate  was  collected  and  rapidly 
washed  with  cold  water  by  the  aid  of  suction,  then  suspended  in 
water  and  decomposed  with  hydrogen  sulphide,  the  lead  sulphide 
removed  by  filtration  and  the  filtrate  evaporated  to  dryness.  This 
was  boiled  with  alcohol  and  filtered.  From  the  filtrate,  a  white 
precipitate  separated,  on  cooling,  which  was  found  to  con- 
tain calcium.  Calcium  tartrate  was  suspected.  It  was  dissolved 
in  acetic  acid  and  treated  with  ammoniacal  silver  nitrate  solutioa 
from  which  it  deposited  silver  in  the  form  of  a  mirror  upon  boil- 
ing. The  free  acid  was  precipitated  by  calcium  hydroxide  in  the 
cold  (distinction  from  citric  acid). 
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The  residue  left  after  treating  with  boiling  alcohol  was  tested 
with  ammoniacal  silver  nitrate  solution  but  it  did  not  precipitate 
silver  and  was  not  precipitated  by  calcium  hydroxide  in  the  cold, 
though  it  was  precipitated  on  heating. 

The  free  acid  was  crystallized  later  and  the  rhombic  prisms  of 
citric  acid  identified. 

SUMMARY. 

Adlumia  cirrhosa  contains  at  least  five  distinct  alkaloids  as 
follows : 

(i)  Protopine,  CjoHjoNOj,  melting-point  204*'-205'*  C. 

(2)  y^-Homochelidonine,  C^H^NOj,  melting-point  159**  C. 

(3)  Adlumine,  CjoHs^NOia  or  CjoH^iNOia,  melting-point  187°- 
188^  C. 

(4)  Adlumidine,  C30H20NO9,  melting-point  234**  C. 

(5)  Unnamed,  melting-point  176^-177**  C. 
Also  tartaric  and  citric  acids. 

The  investigation  is  being  continued. 
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The  action  of  phosphorus  pentachloride  upon  3-nitrophthalic 
acid  has  been  tried  before,  but  the  product  isolated  from  the  reac- 
tion mass  has  not  been  the  acid  chloride.  Boroschek^  obtained  the 
anhydride  of  3-nitrophthalic  acid  and  also  the  anhydride  of  3- 
chlorphthalic  acid.  Levi-  obtained  only  the  anhydride  of  3-nitro- 
phthalic acid. 

By  using  the  process  described  in  the  experimental  part,  the 
author  was  able  to  obtain  the  acid  chloride  in  the  form  of  colorless, 
transparent,  well-defined  crystals  melting  at  76^-77**  corr. 

Phthalyl  chloride,  as  is  well  known,  has  been  assigned  both  a 

I  Inaug.  Dissertation,  1901. 
s  loaug.  Dissertation,  1S91. 
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S)rmmetrical  and  an  unsymmetrical  structure.  The  presence  of 
the  nitre  group  in  3-nitrophthalyl  chloride  introduces  anodicr 
possibility.  If  the  chloride  be  symmetrical  it  can  have  only  the 
one  structure,  A,  but  if  a  asymmetrical  it  can  have  either  of  the 
two  forms  B  and  C. 

— C  =  CI,      / 

— c  =  o 


/\ 


— CO.Cl 


I 


— GO.Gl 


/ 


s/ 


\ 


— C  =  0 
— C  =  C1, 


NO,  NO,  NO, 

A.  B.  C. 

The  study  of  its  action  with  various  reagents,  such  as  ammonia, 
substituted  ammonias,  alcohols  and  phenols,  was  undertaken  ia 
the  hope  of  throwing  some  light  upon  this  question.  The  action 
with  ammonia  and  various  substituted  ammonias  is  reported  in 
the  present  paper.  The  study  of  the  action  of  alcdiols  and  phenols 
is  being  carried  on  at  the  present  time. 

The  action  of  ammonia  upon  phthalyl  chloride  has  been  tried 
under  various  conditions.  Kuhara^  passed  dry  ammonia  gas  over 
dry  phthalyl  chloride  and  obtained  phthalimide  as  the  result  of  a 
violent  reaction.  He  also  treated  the  chloride  with  aqueous  am- 
monia and  then  the  resulting  solution  with  hydrochloric  acid.  On 
washing  and  crystallizing  the  product  from  alcohol,  beautiful 
crystals  were  obtained  that  gave  the  same  anal3rtical  results  as 
phthalimide  and  yet  showed  different  properties.  He  pr<^)osed 
the  unsymmetrical  structure 

.C  =  NH 

for  the  substance. 

Auger*  obtained  a  product  he  called  the  unsymmetrical  amide 
of  phthalic  acid  by  treating  the  chloride  with  an  excess  of  concen- 
trated ammonia  and  evaporating  over  sulphuric  acid.  This  amide, 
when  treated  with  hydrochloric  acid,  gave  a  body  isomeric  with 
phthalimide. 

HoogewerflF  and  Van  Dorp'  treated  phthalyl  chloride  with  a 

J  Am.  Chem.J .  3,  a6. 

*  Ahh.  chim.  pkys.,  (6),  sa.  289. 

'  Rec.  trav.  chim.  Pays- Bos,  11,  84. 
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cold  aqueous  solution  of  ammonia,  care  being  taken  to  prevent 
rise  of  temperature.  After  an  excss  had  been  added,  the  solution 
was  acidified  with  hydrochloric  acid.  A  crystalline  substance 
separated  that  had  the  following  properties :  It  melted  at  iSo"*- 
190*^,  solidifying  again  as  the  temperature  rose  and  remdting  at 
that  of  the  imide;  it  had  acid  properties,  forming  a  number  of 
salts;  it  was  easily  decomposed  by  boiling  with  water  and  was 
changed  to  phthalamic  acid  by  the  action  of  concentrated  sulphuric 
acid ;  it  formed  esters,  and  the  ethyl  ester  was  identical  with  that 
prepared  by  Miller  from  the  o-cyanbenzoic  acid  made  from  an- 
thranilic  acid  by  the  Sandmeyer  reaction.  The  preparation  of  this 
acid  from  phthalyl  chloride  indicates  the  unsymmetrical  structure 
for  that  chloride. 

The  action  of  dry  ammonia  upon  dry  3-nitrophthalyl  chloride 
was  analogous  to  that  upon  the  unsubstituted  chloride.  The 
imide  was  obtained. 

The  action  of  aqueous  ammonia  was  different,  however.  No 
cyan  acid  could  be  obtained,  the  original  3-nitrophthalic  acid  being 
the  only  product.  The  reason  for  this  was  clear  when  it  was 
found  that  the  cyan  acid,  which  was  obtained  by  another  method, 
was  unstable  in  the  presence  of  the  slightest  amount  of  water, 
passing  to  an  acid  ammonium  salt  of  3-nitrophthalic  acid.  This 
in  turn  gave  the  original  nitrophthalic  acid  when  acidulated.  The 
action  of  aqueous  ammonia  upon  a  chloroform  scdution  of  the 
chloride,  with  cooling,  was  found  to  give  a  3-nitrophthalamic  acid. 

The  action  of  dry  gaseous  ammonia  upon  a  dry  ethereal  solu- 
tion of  the  chloride  at  a  low  temperature  and  subsequent  treatment 
with  hydrochloric  acid  gas  gave  a  substance  that  had  the  same 
composition  as  3-nitrophthalimide.  This  new  substance  melted  at 
99**- 100®  and  then  rearranged  to  the  imide  as  the  temperature  was 
raised  to  105*^. 

There  are  three  possible  structures  that  may  be  assigned  to  this 
body,  leaving  out  of  question  for  the  moment  the  relation  of  the 
nitro  group  to  the  other  groups.    They  are 

CN  C  =  NH  C  ==  O 

C.H,(NO,)/  CeH,(NO,)/  >0       C,H,(NO,)/  >NH. 

^COOH  ^C  =  O  ^C  =  O 

I.  II.  III. 

Ill  is  usually  assigned  to  the  well-known  imide.  Moreover,  if 
ammonia  gave,  under  the  conditions  described,  a  product  to  be 
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represented  by  either  II  or  III  it  would  be  reasonable  to  expect 
that  primary  amines  would  give  analogous  bodies  under  like  ooo- 
ditions.  No  such  bodies  could  be  obtained.  It  seems  probable, 
therefore,  that  the  substance  in  question  is  a  nitrocyanbenzoic 
acid.  One  reascxi  that  Hoogewerff  and  Van  Dorp  gave  for  the 
cyan  structure  of  the  body  they  obtained  by  the  action  of  ammonia 
upon  phthalyl  chloride  was  that  the  same  body  was  formed  by  the 
introduction  of  CN  in  place  of  NH,  in  antfiranilic  acid.  This 
proof  could  not  be  applied  in  this  case  as  the  compound  is  unstable 
in  the  presence  of  water.  In  that  respect  it  differs  from  o-cyao- 
benzoic  acid.  For  the  same  reason  it  could  not  be  changed  to  die 
corresponding  amic  acid  by  treatment  with  concentrated  sulphuric 
acid  and  then  with  water. 

There  are,  however,  two  possible  formulas  that  may  be  assigned 
to  a  cyan  acid  derived  from  3-nitrophthalyl  chloride: 


— CN  /      \  — COOH 


\      /—COOH  'v        y-CN 


NO,  NO, 

I.  H. 

These  would  be  derived  from  the  two  theoretically  possible 
chlorides : 


/\-c  = 


CI, 

o 

— C  =  0  \      /— C  =  C1, 


>° 


NO, 

A. 

It  was  found  that  the  cyan  acid  obtained  is  to  be  given  formula 
I  and  that,  in  consequence,  formula  A  is  the  correct  one  for  3- 
nitrophthalyl  chloride,  if  that  body  is  to  be  assigned  an  asym- 
metrical structure. 

While  3-nitrophthalyl  chloride  gave  a  nitrocyanbenzoic  acid 
under  certain  conditions,  it  gave  a  nitrophthalamic  acid  under 
others.  It  is  fair  to  assume  that  the  CN  group  in  one  case  and 
the  CONHs  group  in  the  other  are  in  the  same  position  in  die 
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molecule.  The  structure  of  this  amic  acid  was  obtained  by  the 
same  method  used  by  Kahn*  to  prove  the  structure  of  an  acid 
methyl  ester  of  3-nitrophthalic  acid.  The  nitrophthalamic  acid 
was  changed  to  a  nitroanthranilic  acid  and  its  melting-point  was 
that  of  the  2-nitro-6-aminobenzoic  acid  obtained  by  Kahn.  Carbon 
dioxide  was  then  eliminated  from  this  acid  and  m-nitraniline 
obtained. 


/    '\       y'-COOH 


^    \-c  =  ci./ 

yo  NO, 

\f       ^-CONH, 

•'°-  'x     J-cooh' 


— NH,     ^  /      \  -NH, 
-COOH         L       /' 


I 
NO, 

Van  der  Meulen^  obtained  phthalanilide  by  the  action  of  aniline 
upon  the  hydrochloride  of  isophthalanil. 

Rogow'  shortly  afterwards  obtained  it  by  the  action  of  aniline 
upon  phthalyl  chloride. 

Kuhara  and  Fukui^  tried  the  action  of  a  cold  ethereal  solution 
of  aniline  upon  a  similar  solution  of  phthalyl  chloride.  A  white 
solid  was  obtained  which  was  washed  with  hydrochloric  acid, 
ammonia,  and  water,  and  then  extracted  several  times  with  small 
portions  of  boiling  alcohol.  It  was  crystallized  from  glacial  acetic 
acid,  and  then  from  a  large  amount  of  boiling  alcohol.  A  quan- 
tity of  fine  white  needles  was  obtained.    Analysis  for  nitrogen 

'   I  Ber.  d,  cAgm.  Ges ,  js.  631. 

*  Use.  irav.  chim.  Pays-Bos ,  15,  333. 

*  Ber.  d,  chem.  Ges.,  30,  1442. 

*  AtHr  Chem.  J.,  a6, 454- 
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indicated  a  composition  similar  to  that  of  the  phthalaniL     It 
differed  markedly,  however,  from  the  known  phthalaniL 
Kuhara  and  Fukui  gave  it  the  structure 


>0 

c=o 


asymmetrical  phthalaniL    A  similar  compound  was  obtained  from 
phthalyl  chloride  and  orthotoluidine. 

If  a  compound  of  this  nature  could  be  obtained  when  aniline  is 
used  instead  of  ammonia,  it  would  point  strongly  to  a  similar 
structure  for  the  so-called  cyan  acid. 

The  experiments  of  Kuhara  and  Fukui  were  tried  with  3-mtn>- 
phthalyl  chloride.  A  similar-looking  product  was  obtained  but 
analysis  showed  it  to  correspond  to  a  3-nitrophthalanilide.  The 
experiment  was  tried  a  number  of  times  with  the  same  results. 
Paratoluidine,  metanitroaniline  and  paranitraniline  were  substi- 
tuted for  aniline  and  similar  products  w^re  obtained. 

When  the  work  was  at  this  stage  an  article  appeared  by  Hooge- 
werff  and  Van  Dorp.*  Their  work  indicated  that  Kuhara  and 
Fukui  really  had  phthalanilide  which  was  transformed  to  phthal- 
anil  by  the  crystallization  from  glacial  acetic  acid. 

That  corresponded  with  the  results  obtained  with  3-nitrophthalyl 
chloride  and  it  only  remained  to  show  that  the  anilides  obtained 
were  also  transformed  to  the  anils  by  action  of  hot  glacial  acetic 
acid.    This  was  found  to  be  true  in  every  case. 

The  action  of  a  primary  aromatic  amine  upon  3-nitrophthalyl 
chloride  is  then  to  introduce  two  molecules  of  the  amine.  The 
resulting  compounds  may  have  either  of  the  two  following  struc- 
tures: 

y\       /\  -c<S5? 


j  — CONHR 
I         J— CONHR 


NHR 
0 

— c  =  o 


> 


NO,  NO, 

No  experimental  proof  was  obtained  that  would  indicate  whidi 
of  the  two  is  the  correct  one. 

1  Rtc.  trav.  cMim.  Fin^Bas^  91,  339. 
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Experimental  Part. 

The  chloride  was  made  by  the  action  of  phosphorus  penta- 
chloride  upon  3-nitrophthalic  acid. 

This  acid  was  prepared  by  the  Miller  method  as  modified  by 
Bogert  and  Boroschek.^  150  grams  of  phthalic  anhydride  were 
treated  with  a  mixture  of  225  grams  of  concentrated  sulphuric 
acid  and  225  grams  of  fuming  nitric  acid.  The  whole  was  heated 
in  a  roomy  casserole  on  a  water-bath  until  the  nitrophthalic  acids 
began  to  separate  from  the  solution.  About  20  cc.  of  water  were 
then  added  and  the  whole  heated  a  couple  of  hours  longer.  The 
mixture  was  then  allowed  to  stand  over  night.  The  crystals  were 
separated  as  completely  as  possible  from  the  acid  mother-liquor 
and  dissolved  in  about  750  cc.  of  water.  This  solution  was  evapo-- 
rated  on  a  water-bath  until  a  crust  commenced  to  be  formed. 
After  standing  quietly  for  from  three  to  four  hours,  most  of  the 
3-nitrophthalic  acid  separated  as  a  hard  crust  on  the  walls  of  the 
container.  A  further  small  crop  was  obtained  by  evaporating  the 
liquid  again  to  two-thirds  its  bulk.  The  acid  was  purified  by  one 
recrystallization.    Yield,  about  50  grams. 

Fifty  grams  of  the  acid  in  the  state  of  a  fine  powder  were  mixed 
with  125  grams  of  phosphorus  pentachloride  and  slowly  heated  in 
a  casserole  in  a  sulphuric  acid  bath.  Action  began  at  about  no**, 
the  mass  boiling  violently.  The  heat  was  slowly  raised  to  140*^  or 
until  the  liquid  began  to  develop  a  red  color.  On  cooling,  the 
reaction  product  became  solid.  This  was  reduced  to  a  fine  state 
of  division  and  extracted  with  400  cc  of  carbon  tetrachloride. 
After  standing  over  night,  most  of  the  nitrc^hthalyl  chloride  sepa- 
rated as  a  mass  of  crystals  somewhat  red  in  color.  To  purify 
them  they  were  powdered  and  crystallized  twice  from  ligroin, 
boiling-point  60**  to  8o*.  A  fine  white  meal  of  crystals  was  ob- 
tained.   Melting-point,  76*^-77°   (corr.). 

The  chloride  separated  as  good-sized  compact  prisms  when  an 
ethereal  solution  was  allowed  to  evaporate  over  sulphuric  acid. 

3-nitrophthalyl  chloride  is  readily  soluble  in  cold  ether  and 
chloroform  and  in  warm  carbon  tetrachloride  and  ligroin.  It  is 
but  little  soluble  in  cold  carbon  tetrachloride  or  cold  ligroin.  It 
is  quite  stable  when  in  the  form  of  fair-sized  compact  crystals  but 
is  very  imstable  when  in  a  fine  state  of  division.  The  solvents  used 

1  This  Jonmal,  sj,  740. 
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in  its  purification  must  be  perfectly  dry  or  there  is  a  considerable 
loss  due  to  the  formation  of  the  anhydride. 
Analyses  gave  the  following  results : 

Poaod. 

Theory  for  ^ 

CoH,(NO.)(COCl),.  L  n. 

Carbon 38.74  39.00 

Hydrogen 1.21  1.46  — 

Nitrogen 5.66  5.91  .-•• 

Chlorine 28.55  28.53  ^-36 

ACTION  OP  AMMONIA. 

Dry  Chloride  and  Dry  Ammonia. — ^A  small  quantity  of  the  dry 
chloride  was  placed  in  a  small  flask  and  a  current  of  dry  ammooia 
passed  over  it.  The  reaction  was  violent,  copious  clouds  of  am- 
monium chloride  being  given  off.  The  reaction  mass  becanie 
pasty  and  of  a  yellow  color  and  very  warm.  The  yellowish  mass 
dissolved  readily  in  a  warm  mixture  of  alcohol  and  acetone,  giving 
small  yellow  crystals  on  standing.  Melting-point,  2I3**-2I5'. 
Melting-point  of  3-nitrophthalimide,  2i5**-2i6**. 

Chloroform  Solution  of  the  Chloride  and  Dilute  Ammom 
Water, — A  small  quantity  of  the  chloride  was  dissolved  in  abcmt 
75  cc.  of  chloroform.  This  was  placed  in  a  separatory  fuimeL 
Water  and  small  pieces  of  ice  were  added  and  then  successive 
small  portions  of  dilute  ammonia  water  until  the  odor  of  amnxh 
nia  persisted  after  shaking  and  standing  for  ten  minutes.  The 
aqueous  solution  was  separated  from  the  chloroform  and  acidified 
with  hydrochloric  acid.  Clusters  of  small,  transparent  plates  sepa- 
rated on  standing. 

The  melting-point  of  this  substance  was  not  constant.  It  melted 
to  a  clear  liquid  between  150**  and  157**,  according  to  rate  of  heat- 
ing. A  gas  was  given  off  at  the  same  time  that  may  have  been 
confined  air  or  a  small  amount  of  water  coming  from  the  decompo- 
sition of  the  substance.  The  substance  solidified  again  at  about 
160**  and  remelted  with  vigorous  evolution  of  water  between  200* 
and  205^.  When  bubbling  ceased,  the  product  solidified  again, 
if  the  temperature  had  not  risen  above  210^  and  remelted  finally 
at  2i4**-2is**,  practically  the  melting-point  of  the  imide.  This 
behavior  corresponds  in  part  with  that  of  3-nitro-i-phthaIamic 
acid. 

To  prove  that  it  was  such,  it  was  transformed  into  6-amino-i" 
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nitrobenzoic  acid.  The  Hofmann  method  as  used  by  Kahn^  was 
followed.  2.1  ^rams  of  the  amic  acid  were  dissolved  in  lo  cc.  of 
normal  potassium  hydroxide  solution.  The  solution  was  well 
cooled  and  to  it  was  added  0.5  cc  of  bromine  dissolved  in  20  cc.  of 
the  normal  alkali.  The  whole  was  well  shaken  and  then  treated 
with  30  cc.  more  of  the  alkali.  On  heating  the  yellow  solution 
for  an  hour  on  a  water-bath,  its  color  changed  to  red.  It  was  then 
placed  in  an  ice-bath  and  carefully  treated  with  20.5  cc.  of  2-N* 
hydrochloric  acid,  added  drop  by  drop.  The  yellow  mass  that 
separated  was  crystallized  from  water.  Beautiful  leaves  or 
sheaves  of  needle-like  crystals  were  obtained  melting  with  decom- 
position at  i78®-i8o®.  This  corresponds  with  that  of  the  6-amino- 
2-nitrobenzoic  acid  obtained  by  Kahn.  As  a  further  proof,  this 
body  was  changed  to  metanitraniline.  One  gram  was  dissolved  in 
10  cc.  of  methyl  alcohol,  and  0.5  cc.  of  concentrated  sulphuric  acid 
was  added  and  the  whole  heated  in  a  flask  connected  with  a  return 
condenser  for  seven  hours.  The  reaction  product  was  poured 
into  a  small  amount  of  water  and  neutralized  with  sodium  carbon- 
ate. The  yellow  solid  that  separated  was  crystallized  twice  from 
hot  water.  Fine  yellow  needles  were  obtained  that  melted  at  112**. 
The  melting-point  of  metanitraniline  is  iii**. 

Dry  Ethereal  Solution  of  the  Chloride  and  Dry  Ammonia. — 
Two  to  three  ^ams  of  the  chloride  were  dissolved  in  150  cc.  of 
dry  ether  and  placed  in  a  freezing-mixture  with  a  temperature  of 
— 5**  to  — 10**.  Dry  ammonia  gas  was  then  passed  in,  whereupon 
the  solution  became  milky.  After  the  action  Vas  over,  a  stream 
of  dry  hydrochloric  acid  gas  was  passed  through  the  mixture  until 
it  was  no  longer  absorbed.  The  whole  was  filtered  with  suction. 
The  clear,  ethereal  solution  was  diluted  with  50  cc.  of  carbon 
tetrachloride  and  allowed  to  evaporate  at  room  temperature  in  a 
current  of  dry  air.  Clusters  of  fine  white  needles  were  obtained. 
Nothing  was  found  in  the  ethereal  solution  when  the  treatment 
with  hydrochloric  acid  was  omitted. 

A  small  portion  of  this  substance  was  placed  in  a  melting-point 
tube  and  heated  slowly.  It  melted  to  a  clear  liquid  at  gg'^-ioo^ 
and  solidified  again  without  apparent  lo^s  before  the  temperature 
reached  105**.     It  melted  again  without  evolution  of  gas  at  214®- 

•  B£r.  d.  chem,  Ges.^  35,  631. 
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To  show  that  the  cyan  acid  rearranged  to  the  imide  without  loss, 
a  weighed  portion  of  it  was  placed  in  a  platinum  crucible  and 
heated  in  an  air-bath  for  thirty  minutes  to  a  temperature  of  125*. 
The  rearrangement  described  above  took  place  but  the  change  ia 
weight  was  less  than  a  milligram.  The  fused  mass  was  dissolved 
in  a  warm  mixture  of  alcohol  and  acetone  and  gave  crystals  of  the 
imide. 

A  small  amount  of  the  cyan  acid  was  dissolved  in  dry  etlirr,  and 
ammonia  gas  passed  through  the  solution.  A  white,  amorphous 
mass  was^'obtained  and  the  ethereal  solution  left  no  residue.  This 
body  was  thought  to  be  the  ammonium  salt.  It  lost  ammonia  and 
passed  to  the  imide  when  heated  above  200°.  No  other  salts  coaW 
be  formed,  as  the  cyan  acid  is  so  unstable  in  the  presence  of  water. 

Hoogewerff  and  Van  Dorp  obtained  phthalamic  add  by  the 
action  of  concentrated  sulphuric  acid  upon  o-C3ranbenzoic  add. 
The  same  experiment  was  tried  with  the  nitrocyanbenroic  add  but 
the  results  were  not  the  same.  3-nitrophthalic  acid  was  the  only 
result. 

Action  of  Water  on  the  Cyan  Acid. — Two  grams  of  the  add 
were  dissolved  in  25  cc.  of  warm  water.  On  cooling,  thin  plates 
separated.  They  melted  at  140**  to  145**  with  no  evolution  of 
water,  solidified  again  and  then  remelted  with  evolution  of  water 
at  204**-205.  The  crystals  were  redissolved  in  a  little  water  and 
kept  warm,  6o''-6s'*,  for  an  hour.  The  crystals  then  obtained 
showed  no  sign  of  rearrangement  but  melted  with  evolution  of 
water  at  2o8*'-2i2*'.  After  all  water  had  been  driven  off,  the  tube 
was  allowed  to  cool.  The  contents  were  found  to  be  the  imide. 
The  acid  ammonium  salt  of  3-nitrophthalic  acid  was  made  and 
compared  with  the  above.    They  were  found  to  be  identical. 

Analysis  of  the  nitrocyanbenzoic  acid : 

Theory  for 

CcH,(NOt)CN.COOH.  Ponnd. 

Carbon 50.00  50.16 

Hydrogen 2.08  2.10 

ACTION  O^  PRIMARY  AROMATIC  AMINES  UPON   3-NITROPHTHALYI. 

CHLORroE. 

Action  of  Aniline. — A  few  grams  of  the  nitrc^hthalyl  chloride 
were  dissolved  in  dry  ether  and  cooled  to  — 8**.  A  cold  solution 
of  aniline  was  added  very  slowly,  care  being  taken  to  keep  the 
temperature  from  rising  above  — 5**.    A  pale  yellow  solid  scpa- 
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rated  at  once.  This  was  filtered  off  and  washed  with  dilute  hydro- 
chloric acid  and  then  with  warm  water.  The  white  caseous  resi- 
due was  crystallized  repeatedly  from  large  amounts  of  boiling 
alcohol.  The  product  separated  in  the  form  of  white,  fine  needles 
that  felted  when  filtered.  Melting-point,  2ii**-2i2**,  with  de- 
composition. Analysis,  as  given  below,  showed  the  compound  to 
be  3-nitrophthalanilide.  It  was  insoluble  in  water,  nearly  so  in 
cold  alcohol,  easily  soluble  in  hot  alcohol  or  glacial  acetic  acid. 
Prolonged  boiling  with  water  had  no  effect.  Dilute  sodium 
carbonate  or  hydroxide  solution  had  no  effect  in  the  cold  but  liber- 
ated aniline  when  heated. 

A  small  portion  was  heated  for  an  hour  to  gentle  boiling  with 
glacial  acetic  acid.  On  cooling  and  diluting,  crystals  separated 
melting  at  135**.     Melting-point  of  3-nitrophthalanil,  134**. 

Theory  for 
CeHs(NOt)CsO,<NHCcH»)t.  Pound. 

Carbon , 66.48  66.45 

Hy  d  rogen : 4.16  4-34 

Nitrogen 11.63  11*82 

Action  of  Paratohtidine. — The  results  obtained  by  using  para- 
toluidine  instead  of  aniline  were  perfectly  analogous  to  those  de- 
scribed above.  The  reaction  was  carried  on  in  a  similar  manner, 
the  result  being  a  mass  of  fine,  white  needles  that  could  not  be  told 
from  those  obtained  from  aniline.  Melting-point,  223^-225**, 
with  decomposition.  Analysis  showed  the  compound  to  be  3- 
nitrophthal-^-toluide. 

When  heated  with  glacial  acetic  acid  for  a  short  time  it  was 
changed  to  3-nitrophthal-^-tolil,  melting-point,  152^-153**. 

Analysis  of  3-nitrophthal-^-toluide. 

Theory  for 
CcH«(NO,)CsO|(NHCcH4CH»)|.  Pound. 

Nitrogen  10.8  ii.o 

Action  of  Meianitr aniline. — The  experiment  was  carried  on  in 
the  same  way  as  with  aniline.  The  reaction  was  not  as  rapid. 
The  reaction-product  was  finally  crystallized  from  a  large 
amount  of  alcohol,  giving  a  mass  of  small,  white  needles.  They 
melted  very  poorly  at  225**  to  230**,  with  decomposition.  Heating 
for  two  hours  with  glacial  acetic  acid  dissolved  them  but  also 
changed  the  substance  to  3-nitrophthal-m-nitranil.     Melting-point, 

2l8'*-2I9'*. 

Analysis  of  3-nitrophthal-;;i-nitranilide. 
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Ttaeonr  for 

CcHs(NOs)C90.(NHCcH4NO,)t.  Ponnd. 

Carbon 53.21  53.19 

Hydrogen 2.88  2.78 

Action  of  Paranitraniline. — The  experiment  was  carried  out  in 
the  usual  manner.  No  solid  separated  from  the  cold  ethereal  so- 
lution but  did  when  it  was  allowed  to  warm  to  the  room  tempera- 
ture. This  was  purified  by  the  usual  process  of  washing  and 
crystallizing  from  warm  alcdiol.  Small,  warty  masses  separated. 
Further  crystallization  from  alcohol  gave  small,  pale  yellow 
needles  melting  with  decomposition  at  i97**-200**.  It  was  prob- 
ably a  product  analogous  to  those  described  above.  No  analysis 
was  made. 

Treatment  with  glacial  acetic  acid  gave  fine,  yellow  needles 
melting  at  248"*  to  249''  with  slight  decomposition. 

The  melting-point  of  3-nitrophthal-^-nitranil  obtained  by  Bogert 
and  Boroschek  was  249**. 

Oroanic  I«abokatost,  Havbmbtbr  Hall, 
Columbia  Univbrbxtt. 


THE  ACTION  OP  THE  SODIUM  SALTS  OP  DIBA5IC  ACIDS 

ON  ANILINE  HYDROCHLORIDE,  AND  OP  ANILINE 

ON  PHTHALYL  CHLORIDE  AND  SUC- 

CINYL  CHLORIDE. 

BT  PREDBBICK  I,.  OUNLAP  AMD  PRBOBRXCK  W.  CUMMBR. 
Raccivtd  Much  m.  t^o). 

In  this  Journal,^  the  results  of  the  action  of  the  sodium  salts  of 
monobasic  acids  on  the  hydrochloride  of  janiline  and  of  other 
amines,  were  reported  by  one  of  us.  This  study  has  been  furdicr 
extended  so  as  to  include  the  sodium  salts  of  dibasic  acids,  sodiam 
phthalate  and  sodium  succinate  being  selected  for  this  experi- 
mental work. 

When  dry  sodium  phthalate  and  aniline  hydrochloride  arc 
heated  together,  phthalanil  is  formed,  while  sodium  succinate  and 
aniline  hydrochloride  produce  succinanilide  and  succinanil. 
Phthalanil  and  succinanil  are  not  formed  directly  from  the  sodium 
phthalate  or  the  sodium  succinate  and  the  aniline  hydrochloride, 
but  they  are  only  the  final  products,  phthalanilide  and  succin- 
anilide being  first  formed,  then  undergoing,  at  the  high  tempcr- 

»  This  Journal,  94,  758  (1902). 
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ature  at  which  the  reaction  is  carried  out,  decomposition  into 
aniline  and  the  corresponding  "anil." 

CH,— COONa 
I.       I  +  2C,H,NH,.HC1  = 

CH,— COONa 

CH,— CONHC,H, 

I  +  2NaCl  +  2H,0/ 

CH,— CONHC.H, 

CH,— CONHC.H,       CH,— CO 
2-1  =  J  >NCeH,  +  CeH,NH,. 

CH,— CONHCeH,       CH,— CO 

^COONa 

+  2C,H5NH,.HC1  = 
:OONa 

xCONHC,H. 
C,HX  +  2NaCl  +  2H,0." 

^CONHC,H, 

yCONHCeH,  yCO 

4.  C,h/  =  C.h/  >NC.H,  +  C.H,NH,. 

^coNHc,H,  x:o 

In  the  products  of  the  reaction  between  the  sodium  succinate 
and  the  aniline  hydrochloride,  both  succinanilide  and  succinanil 
were  isolated.  The  higher  the  temperature,  the  less  the  yield  of 
succinanilide  obtained.  Phthalanilide,  at  its  melting-point,  passes 
readily  into  phthalanil,  with  the  evolution  of  aniline  vapors.  In 
the  case  of  the  sodium  phthalate  and  the  aniline  hydrochloride,  no 
phthalanilide  was  isolated,  phthalanil  alone  being  obtained. 
Judging  from  analogy  with  the  results  obtained  with  the  sodium 
succinate,  phthalanilide  must  be  first  formed,  then  undergoing 
complete  decomposition  into  phthalanil  and  aniline  at  amuch  lower 
temperature  than  that  necessary  for  the  complete  conversion  of 
succinanilide  into  succinanil  and  aniline ;  for  at  a  temperature  as 
low  as  130®,  the  decomposition  of  phthalanilide  is  complete,  pro- 
vided this  temperature  is  maintained  for  a  sufficiently  long  time. 

It  should  be  noted  that  Verley*  obtained  succinimide  by  distilling 
a  mixture  of  ammonium  chloride  and  potassium  succinate,  the 
succinimide  doubtless  being  produced  by  the  potassium  succinate 

>  It  i»  quite  likely  that  the  aodiiam  succinate  and  the  sodium  phthalate  first  form 
CHf— COONHaC«H»  xCOONHsCeHs 

phenylammonium  salts,  as    |  and  CcH4<  ,  ^hich,  through 

CHr-COONHgCsHs  NrOONHaCeH, 

loss  of  water,  give  respectively  the  phenylamides  or  anilides,  as  shown  in  equations  i  and  3. 
s  Bun.  Soc,  Chim.,  [3],  9,  693  (1893). 
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first  forming  ammonium  succinate,  then  succinamide,  and  finallj 
succinimide.  At  about  200^,  succinamide  decomposes  into  sucdn- 
imide  and  ammonia. 

So  far  as  we  have  been  able  to  ascertain,  phthalanilide  was  first 
prepared  by  van  der  Meulen,^  who  obtained  it  by  boiling  an  aque- 
ous solution  of  the  hydrochloride  of  the  iso-methyl  ester  of 
phenylphthalamic  acid.  He  found  that  phthalanilide  melted  at 
251** -252°  with  decomposition.  The  year  following  the  appear- 
ance of  van  der  Meulen's  work,  Rogow'  made  a  further  study  of 
phthalanilide.  Rogow  states  in  his  paper  that  phthalanilide  had 
not  previously  been  prepared;  but  he  evidently  overlooked  the 
results  obtained  by  van  der  Meulen.  Rc^w  prepared  phthal- 
anilide by  the  interaction  of  phthalyl  chloride  and  aniline.  He 
used,  as  he  says,  not  only  a  sufficient  quantity  of  aniline  to  form 
this  compound,  but  also  enough  more  to  combine  with  the  free 
hydrochloric  acid  evolved.  Rogow  used  15  grams  of  aniline  and 
5  grams  of  phthalyl  chloride,  in  which  the  aniline  is  in  large  excess. 
In  this  reaction,  Rogow  used  alcohol  as  a  diluent  for  the  aniline, 
and  to  this  solution,  well  cooled  by  salt  and  ice,  the  phthalyl  chlo- 
ride was  added.  The  product  of  this  reaction,  phthalanilide,  he 
found  to  have  a  melting-point  of  231*',  at  which  temperature  it 
underwent  deccMnposition.  This-decomposition,  as  has  been  men- 
tioned, is  due  to  the  splitting  up  of  this  compound  into  aniline  and 
phthalanil. 

In  1901,  Kuhara  and  Fukui'  reported  the  results  of  their  study 
of  the  action  of  aromatic  amines  on  phthalyl  chloride,  at  different 
temperatures.  Among  the  various  experiments  which  they  carried 
out,  was  one  on  the  action  of  aniline  at  ordinary  temperatures. 
This  reaction  was  brought  about  by  allowing  phthalyl  chloride 
and  aniline,  both  diluted  with  ether,  to  react  on  one  another  in  the 
molecular  ratio  of  1 13  respectively.  The  only  product  they  men- 
tion having  obtained,  is  phthalanil.  When,  however,  this  same 
reaction  was  carried  out  at  — 10®,  the  product  obtained  melted  at 
218"^.  and,  upon  analysis,  gave  results  agreeing  quite  well  for 
phthalanil.  Phthalanil  melts  at  203^';  and  as  the  product  obtained 
at  the  low  temperature  was  capable  of  being  converted  into  the 
compound  with  a  melting-point  of  203*  by  heating  in  a  sealed 

1  Rec.  trav.  ehim.  Pays-Btu,  15,  345  (1896). 
s  Ber.  d,  ckem.  Ces.,  30, 144a  (1897). 
«  Am.  Cfum.  /.,  26,  454  (J90O. 
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tube  to  140®  with  o-xylol,  they  called  their  new  product  or-phcnyl- 
phthalitnide,  and  assigned  it  the  following  structure : 


>0 


Kuhara  and  Fukui  do  not  mention  Rogow's  work,  whose  results 
are  at  direct  variance  with  theirs.  Moreover,  their  methods  are 
practically  identical,  except  that  Kuhara  and  Fukui  used  ether  as 
a  diluent  while  Rogow  dissolved  the  aniline  in  alcohol.  Kuhara 
and  Fukui  also  fail  to  mention  the  work  of  van  der  Meulen,*  who 
describes,  under  the  name  of  phthalphenylisoimide,  a  compound 
having  the  same  structure  as  their  a-phenylphthalimidej  but 
whose  melting-point  is  Ii5'*-ii7**. 

This  question  of  the  products  formed  from  the  interaction  of 
phthalyl  chloride  and  aniline,  we  have  resubmitted  to  experiment. 
The  conditions  under  which  we  worked  were  identical  with  those 
of  Kuhara  and  Fukui ;  namely,  with  ether  as  a  diluent,  at  ordi- 
nary temperatures  and  at  — 10^,  as  well  as  with  the  same  reacting 
masses. 

Three  products  are  formed  when  the  reaction  is  carried  on  at 
ordinary  temperatures :  aniline  hydrochloride,  phthalanilide,  and 
phthalanil.  So  far  as  the  phthalanilide  is  concerned,  our  results 
are  the  same  as  Rogow's;  relative  to  the  phthalanil,  our  results 
"  coincide  with  those  of  Kuhara  and  Fukui.  Ro^ow,  however, 
mentions  no  product  other  than  phthalanilide,  while  Kuhara  and 
Fukui  mention  phthalanil  alone.  From  this  we  judge  that,  even 
if  other  products  were  formed,  the  ones  mentioned  were  the  prin- 
cipal products  formed. 

When  ether  solutions  of  phthalyl  chloride  and  aniline  react  at 
ordinary  temperatures,  a  heavy  white  precipitate  is  formed,  con- 
sisting of  aniline  hydrochloride  and  phthalanilide,  while  the  ether 
filtrate  from  this  precipitate  contains  practically  no  other  product 
except  phthalanil,  and  this  in  but  very  small  amounts.     From 

1  The  experimenUl  portion  of  this  paper  referring  to  the  action  of  phthalyl  chloride 
on  aniline  was  done  previous  to  the  appearance  of  the  work  of  Hoogewerff  and  Van  Dorp 
{^M.  irav.  ckim.  I^ys-Bas^  91.  339  (1902)),  excepting  the  repetition  of  Kuhara  and  Fnkui*s 
work  at  low  temperatures.  The  latter  was  finished  previous  to  the  appearance  of  the  re- 
view of  Hoogewerff  and  Van  Dorp's  work  in  the  Centralblatt,  1903,  I,  156,  from  which  a 
knowledge  of  their  work  was  first  obtained.  We  have  retained  this  portion  of  our  experi- 
mental work  as  substantiating  the  findings  of  Hoogewerf  and  Van  Dorp  relative  to  the 
non-formation  of  arphenylphthalimide  from  aniline  and  phthalyl  chloride. 

s  Rec.  irav.  ckim.  /hys-Bas,  ig,  386  (1896). 
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these  results,  it  appears  that  phthalanilide  is  the  main  product  of 
the  reaction.  This  experiment  has  been  repeated  a  number  of 
times,  carrying  out  Kuhara  and  Pukui's  directions  as  carefully  as 
possible,  but  always  with  the  results  given  above. 

In  carrying  out  this  reaction  at  low  temperattu-es,  Kuhara  and 
Fukui's  directions  were  rigorously  adhered  to;  but  we  have  been 
unable  to  substantiate  their  results  so  far  as  the  formation  of  the 
ir-phenylphthalimide  is  concerned.  Kuhara  and  Fukui  treated 
the  reaction  product,  after  filtering  off  the  ether,  with  water,  hy- 
drochloric acid,  and  ammonia.  The  residual  product  they  ex- 
tracted with  boilingf  alcohol  a  number  of  times,  to  remove  the 
phthalanil,  after  which  the  remaining  product,  a-phenylphthal- 
imide,  was  purified  by  recrystallization  from  glacial  acetic  add  or 
alcohol,  preferably  the  latter. 

The  results  we  obtained  show  that  whatever  phthalanil  is 
formed  in  this  reaction,  remains  in  the  ether  filtrate,  and  that  it  is 
to  be  found  there  in  only  small  amounts,  mixed  with  phthalanilide. 
After  treating  the  main  product  of  this  reaction  with  water,  hydro- 
chloric acid,  and  ammonia,  we  extracted  the  residue  with  boiling 
alcohol.  In  all,  nineteen  extractions  had  to  be  made  with  boiling 
alcohol  before  all  this  residue  dissolved.  From  each  one  of  Aese 
alcoholic  fractions  nothing  but  phthalanilide  separated  on  cooling, 
with  no  trace  of  any  other  compound  corresponding  to  a-phcnyl- 
phthalimide,  with  a  melting-point  of  218**. 

From  the  results  we  have  given,  it  appears  that  the  principal 
product  formed  from  the  interaction  of  phthalyl  chloride  and 
aniline  is  phthalanilide,  while  phthalanil  occurs  in  but  smaD 
amounts,  the  results  being  independent  of  the  temperature.  Ani- 
line hydrochloride  is  likewise  formed  in  considerable  amounts 
under  both  conditions  of  temperature. 

Phthalyl  chloride,  in  a  number  of  its  reactions,  deports  itself  as 
if  it  had  an  unsymmetrical  structure.  For  example,  with  the 
Friedel  and  Crafts  reaction,  it  yields  diphenylphthalide  ;*  on  re- 
duction with  zinc  and  hydrochloric  acid,  phthalide  is  formed.*  On 
the  other  hand,  by  reducing  with  glacial  acetic  and  sodium 
amalgam,  phthalyl  chloride  yields  phthalyl  alcohol,*  a  reaction 
very  readily  explained  by  the  assumption  of  a  symmetrical  struc- 

»  Ann.  ehim.  phys.,  [6],  i,  523  (1884). 
«  Ber.  d.  cfum.  Ges.,  II,  237  (1878) . 
»  Ber.  d.  ckem.  Gfs,  la,  646  (1879). 
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ture  for  phthalyl  chloride.  The  formation  of  phthalanilide  and 
phthalanil  from  phthalyl  chloride  and  aniline,  is  readily  explained 
by  accepting  in  this  case  the  symmetrical  structure  for  phthalyl 
chloride. 

XOCl      NH,C,H,  XONHC.H, 

C,H/  +  =C,HX  +2HCI 

^COCl      NH.C,H,  \C0NHC,H. 

C^OCl      Hv  .CO 

+     >NC.H,  =  C.h/  >NC,H,  +  2HCI. 
oci     r/  ^CO 

Or,  giving  the  complete  equations,  we  have  for  the  phthalanilide 
CcH,(COCl),  +  4CoH,NH,  = 

C,H,(CONHC,HJ,  +  2CeH«NH,.HCl; 
while  for  the  phthalanil  we  have  the  following : 
CeH,(COCl),  +  3CeH,NH,  = 

C.H,(CO),NCeH,  +  3CeH5NH,.HCl. 

From  these  completed  equations  we  can  see  that,  in  the  first  case, 
^ve  have  the  phthalyl  chloride  and  the  aniline  in  the  molecular 
ratio  of  i  :4,  while  in  the  second  it  is  only  1 13.  We  have  found 
in  our  experiments  that,  where  these  compounds  were  brought 
together  in  the  ratio  of  1:3,  the  ether  filtrate  always  contained 
some  unchanged  phthalyl  chloride. 

The  rea'ction  between  succinyl  chloride  and  aniline  was  also 
studied,  but  only  at  ordinary  temperatures.  In  this  case,  the 
products  formed  were  succinanilide  and  aniline  hydrochloride,  but 
no  succinanil  was  isolated.  If  succinanil  is  formed  in  this  reac- 
tion, it  is  only  in. quite  small  amounts. 

In  the  majority  of  its  reactions,  succinyl  chloride  acts  as  if  it 
were  >'-<iichlorbutyrolactone.  For  example,  it  passes  into  butyro- 
lactone  on  reduction  ;*  it  reacts  with  zinc  ethyl  to  produce  ^'■di- 
ethylbutyrolactone  f  with  the  Friedel  and  Crafts  reaction  it  forms 
y-diphenylbutyrolactone,  but  at  the  same  time  produces  10  per 
cent,  of  symmetrical  dibenzoylethane."  The  fact  that  symmetrical 
dibenzoylethane  is  formed,  together  with  the  >'-diphenylbutyro- 
lactone,  shows  that  succinyl  chloride  deports  itself  in  this  reaction 
like  a  mixture  of  the  symmetrical  and  unsymmetrical  forms,  the 
latter  being  predominant.    Inasmuch  as  succinanilide  is  the  sole 

1  Ann.  Chem.  (Uebig).  171.  261  (1874)  \J.prakL  Chem.,  [a].  25,  63  (1882). 
s  Btr.d.chem.  Ges.,  13,  1851  (1883). 
»  Ann.  chim.  phys.,  [6],  aa,  312  (1S91). 


6l8  FREDERICK  L.  DUNI^AP  AND  FREDERICK  W.  CUMMER. 

product  of  the  interaction  of  succinyl  chloride  and  aniline,  we  can 
consider  that  in  this  case,  as  with  the  phthalyl  chloride,  the  soc- 
cinyl  chloride  has  a  symmetrical,  structure.  These  reactions  with 
phthalyl  chloride, 'succinyl  chloride,  and  aniline,  can  not,  however, 
lead  us  to  any  definite  conclusions  regarding  the  constitution  of 
these  acid  chlorides,  for  the  products  formed  may  be  explained 
from  a  standpoint  of  an  unsymmetrical  structure. 
For  example: 


/C— CI  C— CI 

ONHC.H, 


^^    1        +Ha 


CONHC^H, 


r^^  /CONHC,H, 

r/^\pi  +  CeH,NH,  =  R<  +  HCl. 

\cONHC.tt,  \C0NHC.H. 

X:ONiHCeH,       '^ — ^ 
So  far  as  we  can  see,  there  is  no  reason  for  believing  that  cither 
phthalanilide  or  succinanilide  have  other  than  the  symmetrical 
structure. 

Experimental  Part. 

action  of  sodium  phthalate  on  aniline  hydrochjjowde. 

Dry  sodium  phthalate  and  aniline  hydrochloride  were  ground 
up  together  in  the  proportion  of  one  molecular  weight  of  the 
former  to  two  of  the  latter.  The  ground  mixture,  which  developed 
the  odor  of  aniline  quite  strongly,  was  heated  in  a  sealed  tube  for 
six  hours  at  200®.  There  was  no  pressure  on  evening  the  tube. 
The  solid  contents  of  the  tube  were  ground  up  several  times  widi 
water,  the  water  being  decanted  through  a  filter.  The  residue  was 
treated  in  the  same  manner  with  dilute  hydrochloric  acid,  and  then 
given  a  final  washing  with  water.     The  product  thus  obtained  was 
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grayish  in  color.  After  several  washings  with  small  quantities  of 
cold  alcohol,  the  residue  was  recrystallized  from  boiling 
alcc^ol.  The  product  thus  obtained' melted  at  203 ''.  The  melt- 
ing-point, crystalline  form,  and  solubility  in  various  solvents,  were 
sufficient  to  identify  this  product  as  phthalanil.  No  phthalanilide 
was  isolated  from  the  products  of  this  reaction;  that  is,  at  a 
temperature  considerably  below  what  must  be  the  true  melting- 
point  of  the  phthalanil,  this  body  breaks  down  into  phthalanil  and 
aniline,  provided  the  heating  be  sufficiently  prolonged.*  From  the 
product  obtained  by  heating  sodium  phthalate  and  aniline  hydro- 
chloride to  only  132''  for  five  hours,  no  phthalanilide  was  isolated. 

ACTION  OF  SODIUM  SUCCINATE  ON  ANILINE  HYDROCHLORIDE. 

Sodium  succinate  and  aniline  hydrochloride  in  the  molecular 
ratio  of  1 :2  respectively,  were  ground  together  and  this  mixture 
heated  as  in  the  case  of  the  former  experiment.  The  temperature 
during  the  heating  reached  360** ;  and  while  the  resulting  mass 
was  very  dark-colored,  both  succinanilide  and  succinanil  were 
obtained  from  it.  A  repetition  of  this  experiment,,  where  the  heat- 
ing of  the  sealed  tube  was  carried  on  for  four  hours,  and  the 
maximum  temperature  reached  was  but  245°,  gave  a  product 
much  lighter  in  color  than  in  the  previous  experiment,  and  yielded 
the  same  reaction  products.  There  was  a  considerable  amount  of 
free  aniline  formed.  The  contents  of  this  second  tube,  after  wash- 
ing with  cold  water  and  dilute  hydrochloric  acid,  was  extracted 
with  boiling  water.  On  cooling,  this  aqueous  extract  separated  a 
large  amount  of  slightly  colored  crystals.  Recrystallization  from 
hot  water  and  treatment  with  bone-black  gave  a  perfectly  white 
product  which  crystallized  in  long  needle-like  crystals,  having  a 
melting-point  of  150® 

The  portion  of  the  original  product  that  was  insoluble  in  water, 
was  dissolved  in  boiling  alcohol  and  treated  with  bone-black.  This 
solution,  on  cooling,  separated  a  crystalline  product,  which  was 
further  purified  by  several  recrystallizations  from  alcohol.  This 
product  had  a  melting-point  of  226^ 

The  compound  with  a  melting-point  of  150**  gave  8.29  per  cent. 
N.    Calculated  for  CioH.OaN,  8  per  cent. 

The  product  soluble  in  water  was  thus  identified  by  its  melting- 

I  For  a  diacoMion  of  the  melting-poiiit  of  phttaaUniUde,  see  the  ezperimental  portion 
of  tliia  paper  on  the  action  of  phthalyl  chloride  on  aniline. 


620       FREDERICK  L.  DUNI^AP  AND  FREDERICK  W.  CUMMBK. 

point,  and  by  analysis,  as  succinanil,  while  the  substance  obtained 
from  the  alcohol,  which  had  a  melting-point  of  226®,  proved  to  be 
succinanilide,  and  on  analysis  gave  10.7  per  cent.  N.  Calculated 
for  CieHi^OaNj,.  10.44  P«"  cent. 

In  the  experiment  in  which  the  mixture  of  sodium  succinate 
and  aniline  hydrochloride  were  heated  to  245**,  15  g^ms  of  the 
former  substance  and  24  grams  of  the  latter  were  used.  From 
the  resulting  product,  11.6  grams  of  succinanil  and  3.3  grams  of 
succinanilide  were  obtained.  The  higher  the  temperature  at 
which  this  reaction  is  carried  out,  the  larger  the  relative  yield  of 
succinanil. 

ACTION  OF  PHTHALYL  CHLORIDE  ON  ANILINE. 

• 

Freshly  distilled  phthalyl  chloride  and  aniline  (in  the  ratio  of 
one  molecular  weight  of  the  former  to  three  of  the  latter)  were 
each  dissolved  separately  in  about  300  cc.  of  ether  which  had  been 
carefully  dried  over  sodium  wire.  The  aniline  solution  was 
slowly  added,  with  constant  stirring,  to  the  ether  solution  of  the 
phthalyl  chloride,  both  solutions  being  at  room  temperatures.  The 
reaction  caused  hardly  any  perceptible  rise  in  temperature.  The 
addition  of  the  aniline  solution  produced  a  heavy  white  precipitate, 
which  was  filtered,  washed  with  ether,  and  then  dried.  The  ether 
filtrate,  on  standing  over  night,  deposited  crystals  which  were 
filtered  off  and  purified  by  crystallization  from  alcohol.  These 
crystals  proved  to  be  phthalanilide.  The  ether  filtrate  from  these 
phthalanilide  crystals,  which  had  deposited  on  standing  over  night, 
was  evaporated  to  dryness  and  the  residue  purified  by  crystal- 
lization from  alcohol.  This  product  had  a  melting-point  of  203', 
and  analysis  gave  results  showing  that  this  product  was  phthalaniL 
The  phthalanilide  which  separated  from  the  ether  solution,  had  no 
well-defined  melting-point.  According  to  the  rapidity  of  heating, 
the  melting-point  could  be  varied  from  20**  to  25**,  the  product 
always  melting  with  gas  evolution  (aniline).  In  its  behavior  in  a 
melting-point  tube,  phthalanilide  behaves  very  much  like  phthalic 
acid,  of  which  substance  no  well-defined  melting-point  can  be  had, 
on  account  of  the  ease  with  which  it  breaks  down  into  phthalic 
anhydride  and  water.  If  the  temperature  of  225**  be  held  for  some 
time,  phthalanilide  will  finally  melt  with  gas  evolution ;  but,  with 
the  ordinary  rapidity  with  which  melting-points  are  taken,  the 
melting-point  of  phthalanilide  usually  obtained  by  us  lay  sotat- 
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where  between  240°  and  250**,  while  occasionally  the  melting- 
point  would  run  still  hi^^^her.  This  variable  melting-point  is 
doubtless  due  to  the  production  of  more  or  less  phthalanil 
(m.  p.  203®)  at  a  temperature  below  the  true  melting-point  of  the 
phthalanilide,  which  phthalanil,  as  soon  as  formed,  lowers  the 
melting-point  of  the  whole  mass. 

The  white  precipitate  obtained  by  the  action  of  the  aniline  on 
the  phthalyl  chloride  was,  after  drying,  treated  with  hot  water  to 
remove  the  aniline  hydrochloride.  'The  residue  was  recrystallized 
from  boiUng  alcohol,  in  which,  however,  it  is  not  very  soluble. 
The  only  product  obtained  was  phthalanilide.  Three  analyses 
were  made  of  this  phthalanilide,  the  per  cents,  of  nitrogen  found 
being  9.1 1,  9.08,  and  9.1 1,  instead  of  8.86  per  cent,  as  calculated. 

ACTION  OF  SUCCINYL  CHLORIDE  ON  ANILINE. 

In  this  experiment,  freshly  distilled  succinyl  chloride  and 
aniline,  both  diluted  with  dry  ether,  were  allowed  to  interact  at 
ordinary  temperatures.  An  excess  of  aniline  a  little  greater  than 
the  molecular  ratio  of  one  of  succinyl  chloride  to  three  of  aniline, 
was  found  necessary  in  order  to  ccxnpletely  decompose  the  succinyl 
chloride.  More  heat  seemed  to  be  developed  by  this  reaction  than 
in  the  case  where  phthalyl  chloride  was  used.  In  fact,  if  the  ether 
solution  of  the  aniline  was  added  too  fast  to  the  ether  solution  of 
the  succinyl  chloride,  sufficient  heat  was  developed  to  cause  the 
solution  to  boil.  The  heavy  white  precipitate  produced,  was 
filtered,  washed  with  ether,  and  dried.  Then  after  thoroughly 
washing  with  water,  in  order  to  free  the  product  from  aniline 
hydrochloride,  the  residue  was  purified  by  crystallization  from 
alcohol.  The  pure  product  had  a  melting-point  of  226.5^,  and  on 
a.nalysis  proved  to  be  succinanilide.  Found,  lo-ss'^per  cent.  N. 
Calculated,  1045  P^r  cent. 

The  ether  filtrate  was  evaporated  to  dryness,  and  an  oily 
product,  smelling  strongly  of  aniline,  was  obtained,  showing  that 
an  excess  of  aniline  had  been  used  in  the  reaction.  This  residue 
was,  however,  small  in  amount.  On  standing  for  some  time  in 
vacuo  over  sulphuric  acid,  this  oily  product  became  of  a  pasty 
consistency.  No  succinanil  was  obtained  from  this  residue.  If 
succinanil  is  formed  by  the  interaction  of  succinyl  chloride  and 
aniline  under  the  conditions  we  used,  it  is  only  in  quite  small 
amounts. 

Cbbmical  Lasoratoat.  UMTVxmaiTT  OF  Michigan, 
March  i,  1993. 
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The  action  of  fuming  sulphuric  acid  upon  dnnamic  acid  was 
first  thoroughly  studied  by  Rudnew,*  who  isolated  from  tfie  snl- 
phonation  mixture,  two  acids :  one,  the  now  well-known  ^sulpho- 
cinnamic  acid,  which  is  the  principal  product  of  the  reaction;  and 
the  other,  ah  isomer  which  he  called  a  meta-compound.  Since 
that  time  the  true  m-sulphocinnamic  acid  has  been  prepared 
synthetically  by  Kafka,*  and  as  its  properties  do  not  agree  with 
those  of  the  acid  described  by  Rudnew,  it  is  probable  that  die 
latter  is  an  ortho^^ompound. 

Rudnew's  method  of  isolating  these  acids  from  the  sulphonatiaa 
mixture  was  the  familiar  one  of  treating  the  products  of  the  reac- 
tion with  barium  hydroxide.  The  sulphonic  acids  were  then  sepa- 
rated from  each  other,  and  from  the  masses  of  barium  sulphate 
produced,  by  crystallization  from  water.  This  method  is  tedious 
at  best,  and  when  one  only  wishes  to  prepare  the  para  add  (as  in 
the  present  investigation)  it  is  better  to  take  advantage  of  the  fact 
(apparently  heretofore  overlooked)  that  this  add  crystallizes 
spontaneously  from  the  sulphonation  mixture  upon  appropriate 
dilution  with  water.  The  ^-sulphocinnamic  add  used  in  dus 
investigation  was  prepared  in  accordance  with  the  following  pro- 
cedure. 150  grams  of  fuming  sulphuric  add  (containing  15  per 
cent,  to  20  per  cent,  anhydride)  are  placed  in  a  flask  and  50  grams 
of  finely  ground  cinnamic  acid  are  introduced  in.  small  portioos 
with  constant  shaking.  The  temperature  rises  during  the  reac- 
tion, and  the  quantities  of  cinnamic  add  added  are  so  regulated 
that  the  flask  in  which  the  sulphonation  takes  place  shall  not  b^ 
come  uncomfortably  warm  to  the  hand.  At  the  dose,  the  reactioo 
becomes  sluggish,  and  may  be  concluded  by  heating  for  fifteei  or 
twenty  minutes  on  the  water-bath.  At  this  point  the  mixtore 
should  not  be  dark  brown  in  color  and  should  smell  only  faindy  of 
sulphur  dioxide.  When  cold,  it  is  diluted  with  about  three  times 
its  volume  of  water,  and  allowed  to  stand  over  night.  If  crys- 
tals of  the  ^-sulphocinnamic  acid  are  at  hand,  they  should  be 
added  as  soon  as  the  diluted  acid  has  become  cold.    Crystalliza- 

i  Rndnew:  Ann.  Chsm.  (I«iebig).  173.  8. 
*  KmncA :  Str,  d,  chem.  G€s„  94,  746. 
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tion  then  begins  almost  at  once — usually  at  the  bottom  of  the 
flask — ^but  proceeds  very  slowly.  It  is  seldom  complete  in  less 
than  ten  hours,  but  at  the  end  of  that  time  the  contents  of  the 
flask  usually  seem  entirely  soUdified.  It  is  usually  best  to  deter- 
mine the  proper  amount  of  dilution  by  experiment,  with  small 
portions,  as  different  sulphonations,  under  apparently  identical 
conditions,  sometimes  require  slightly  different  treatment.  The 
crystals  thus  obtained  are  filtered  off  and  dried  by  suction.  They 
are  sufficiently  pure  for  most  purposes.  A  perfectly  pure  product 
is  best  obtained  by  dissolving  the  crude  acid  in  water,  precipitating 
the  acid  barium  salt  by  means  of  a  solution  of  barium  chloride, 
purifying  this  by  crystallization,  and  finally  decomposing  it  mth 
the  calculated  amount  of  sulphuric  acid.  On  evaporation,  the 
acid  is  obtained  in  the  long  four-sided  prisms  described  by  Rud- 
new.  He  describes  these  crystals  as  stable  in  the  atmosphere, — 
an  observation  which  I  cannot  confirm,  possibly  on  account  of  the 
greater  dryness  of  the  American  climate.  The  cr>'stals  which  I 
obtained  were  ver>'  large  and  well  formed,  often  showing  beautiful 
twin-formation,  but  they  weathered  rapidly  on  exposure  to  the 
air.  The  acid  was  characterized  by  the  preparation  of  the  amide 
described  by  Palmer,^  and  by  the  crystalline  form  of  the  acid 
barium  salt  described  by  Rudnew,  which  crystallizes  in  beautiful 
long  needles  very  difficultly  soluble  in  cold  water. 

Previous  investigators  do  not  seem  to  have  noticed  the  fact  that 
this  acid  forms  very  insoluble  acid  salts  with  a  number  of  the 
aromatic  amines,  and  these  salts  offer  a  more  convenient  means  of 
characterizing  this  acid  than  either  of  the  methods  mentioned 
above.  Only  the  aniline  salt  was  analyzed.  This  may  be  pre- 
pared by  treating  a  solution  of  the  acid,  or  any  of  its  more  soluble 
salts,  with  a  solution  of  aniline  hydrochloride.  A  crystalline  pre- 
cipitate appears  at  once,  and  on  recrystallization  from  hot  water, 
the  salt  shows  a  marked  tendency  to  form  large  radially  arranged 
aggregates.  These  crystals  melt  at  246®  (uncorrected)  and  their 
composition  is  established  by  the  following  analysis. 

Calculated  for  C13H15O5NS :  C,  56.08  per  cent. ;  H,  467  per 
cent. ;  N,  4.35  per  cent.  Found :  C,  56.07  per  cent. ;  H,  4.82  per 
cent. ;  N,  4.77  per  cent. 

Acid  Sodium  Salt, — In  the  preparation  of  sulphocinnamic  acid, 

>  Pmlmer:  Am,  Cktm,J^  4, 163. 
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as  above  described,  a  somewhat  larger  yield  may  be  oblaincd  by 
pouring  the  mother-liquor  from  the  crystals  of  free  acid  into  a 
saturated  solution  of  sodium  chloride.  The  acid  sodium  salt  then 
separates  out,  and  may  be  purified  by  crystallization  from  water. 
As  this  salt  has  not  been  heretofore  described,  the  following 
analytical  data  are  appended : 

Calculated  for  C9HT05SNa,2H,0 :  Na,  8.04  per  cent.;  HA 
12.59  per  cent.  Found :  Na,  7.93  per  cent. ;  HjO,  12.59  per  cent 
at  no**. 

p'Sulphodibromhydrocinnamic  Acid, — /^-Sulphocinnamic  add 
absorbs  two  equivalents  of  bromine  with  great  readiness,  even  in 
aqueous  solution.  For  this  purpose,  the  acid  is  dissolved  in  just 
enough  cold  water  to  make  a  clear  solution,  and  the  calculated 
amount  of  bromine  is  added  in  portions  of  about  a  cubic  centimeter 
with  constant  shaking.  Any  excess  of  bromine  is  finally  removed 
by  a  current  of  air.  A  large  part  of  the  bromine  addition  product 
now  separates  as  a  fine,  white,  crystalline  powder,  and  an  almost 
quantitative  yield  may  be  obtained  by  evaporation  of  the  mother- 
liquor  in  the  cold.  The  first  portions  of  the  acid  to  be  precipitated 
are  very  pure,  but,  for  purposes  of  analysis,  the  acid  was  recrystal- 
lized  from  water,  and  then  air-dried. 

Calculated  for  C,H8Br2S,2H20 :  C,  25.15  per  cent.;  H,  2.83 
per  cent. ;  Br,  37.20  per  cent. ;  S,  7.54  per  cent. ;  H,0,  8.25  per 
cent.  Found :  C,  25.21,  25.22,  25.38  per  cent. ;  H,  2.85,  3.00, 2.79 
per  cent. ;  Br,  37.15,  37.65,  37.32  per  cent. ;  S,  7.93,  7,77,  7.59  per 
cent. ;  H^O,  6.05,  7.73,  6.68  per  cent. 

One  hundred  parts  of  saturated  solution  at  20**  contain  from  53 
to  57  parts  of  solid  acid. 

It  is  evident  from  the  above,  that  the  acid  does  not  give  up 
quite  all  its  water  of  crystallization  at  no**,  but  continued  heating 
at  a  higher  temperature  results  in  slight  decomposition  as  shown 
by  a  brown  discoloration  of  the  material. 

Barium  Salt. — The  most  characteristic  inorganic  salt  of  this  add 
is  the  acid  barium  salt,  which  is  precipitated  when  a  solution  of  the 
acid  is  treated  with  barium  chloride.  It  crystallizes  in  short  color- 
less needles. 

Calculated  for  Ci8H,^0,oS2Br4Ba,4H,0 :  C,  21.98  per  cent; 
H,  2.24  per  cent. ;  S,  6.36  per  cent. ;  Br,  32.55  per  cent. ;  Ba,  13.94 
per  cent. ;  HjO,  7.32  per  cent. 


DBRIVATIVBS  OF  ^SULPHOCINNAMIC  ACID.  625 

Found:  €,21.64  per  cent.;  H,  2.40  per  cent. ;  S,  6.64  per  cent. ; 
Br,  32.52  per  cent;  Ba,  14.37  P^r  cent.;  H^O,  8.10  and  7.34  per 
cent. 

100  parts  saturated  solution  contain  2.y  parts  of  solid  salt. 

Copper  Salt — When  concentrated  solutions  of  the  acid  are 
treated  with  a  concentrated  solution  of  copper  sulphate,  a  white 
precipitate  is  obtained.  This  may  be  recrystallized  from  water, 
and  then  forms  small  wart-like  aggregates  of  a  pale  greenish 
white  color,  which  show  some  tendency  to  decompose  when  half 
dry,  but  which,  when  perfectly  dry,  are  quite  stable.  The  sub- 
stance is  evidently  an  acid  salt. 

Calculated  for  CieHi40ioBr4S2Cu,2H20 :  Br,  36.63  per  cent.; 
S,  7.32  per  cent. ;  Cu,  7.28  per  cent. ;  HjO,  4.12  per  cent. 

Found :  Br,  35.38,  35.10  per  cent. ;  S,  7.25,  7.39  per  cent. ;  Cu, 
7.1 1,  7.43  per  cent. ;  H^O,  4.50  per  cent,  at  no**. 

The  results  for  bromine  can  hardly  be  considered  satisfactory, 
but  the  salt  is  not  well  characterized,  and  another  analysis  did  not 
seem  worth  while.     It  is  very  soluble  in  water. 

Sodium  Salts. — The  acid  sodium  salt  was  prepared  by  the  action 
of  bromine  upon  the  acid  sodium  salt  of  ^-sulphocinnamic  acid. 
It  is  a  white  crystalline  powder. 

Calculated  for  Cj»H705BrSNa,3H30 :  Br,  34.48  per  cent.;  S, 
6.90  per  cent. ;  Na,  4.95  per  cent. ;  H3O,  11.63  P^r  cent. 

Found :  Br,  34.76  per  cent. ;  S,  7.30  per  cent. ;  Na,  5.21  per 
cent.;  HjO,  11.69  P^^  cent. 

The  neutral  sodium  salt  was  prepared  by  treating  a  solution  of 
the  free  acid  with  sodium  hydroxide  until  the  solution  was  neutral 
to  phenolphthalein.  This  salt  crystallizes  in  needles  very  soluble 
in  water. 

Calculated  for  C9Hfl05BrjSNa24H20 :  HjO,  14.03  per  cent. 
Found :  H,0,  14.02  per  cent. 

Ammonium  Salt — When  a  solution  of  the  free  acid  is  treated 
with  an  excess  of  ammonia  and  evaporated  in  a  desiccator  over 
sulphuric  acid,  crystals  appear  which  probably  consist  of  the 
neutral  ammonium  salt,  but  an  analysis  was  impracticable,  as  the 
salt  is  not  stable,  and  the  products  of  decomposition  have  not  yet 
been  determined.    They  will  be  an  object  of  subsequent  study. 

Amide. — ^-Sulphocinnamic  acid  and  its  salts  react  vigorously 
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with  phosphorus  pentachloride.  The  acid  chloride  thus  formed 
has  not  been  isolated,  but  the  reaction-mixture  was  poured  into 
dilute  ammonia  with  the  object  of  preparing  the  amide.  A  product 
was  thus  formed  which  crystallizes  from  hot  water  (in  which  it  is 
soluble  only  with  difficulty)  in  bulky  scales.  These  melt  sharply 
at  208"*  (uncorrected)  and  decompose  just  above  the  melting- 
point  with  evolution  of  bromine.  This  substance  is  doubtless  the 
diamide  in  which  both  hydroxyl  groups  of  the  acid  are  replaced 
by  amido-groups,  although  the  anal3rtical  results  (especially  for 
nitrc^en)  have  never  been  entirely  satisfactory.  The  yield  is  poor 
— never  better  than  lo  per  cent,  of  the  material  used.  Other  less 
well-characterized  products  sometimes  appear,  and  the  amide 
seems  to  undergo  some  decomposition  in  the  treatment  with  hot 
water  necessary  for  recrystallizaticm. 

Calculated  for  QHioOjNjBrS :  N,  7.25  per  cent;  Br,  4145 
per  cent. ;  S,  8.29  per  cent. 

Found :  N,  8.22  per  cent. ;    Br,  41.18  per  cent. ;  S,  844  per  cent 

Salts  with  Organic  Bases. — ^When  the  .acid  is  treated  with  ani- 
line hydrochloride  in  aqueous  solution,  a  white  crystalline  precipi- 
tate is  obtained.  Salts  of  most  of  the  aromatic  amines  seem  to 
behave  in  a  similar  way.  Among  those  tried  were  aniline,  di- 
methyl aniline,  diethyl  aniline,  quinoline,  a-  and  /9-naphthyl  amiDe 
phenylene  diamine,  and  diphenyl  amine.  It  should  be  noted  that 
neither  pyridine  nor  any  of  the  aliphatic  amines  yield  similar  pre- 
cipitates, so  far  as  tried.  Most  of  the  salts  of  the  aromatic  amines 
thus  obtained  crystallize  well,  and  the  aniline,  dimethyl  aniline, 
and  diethyl  aniline  salts  also  melt  sharply.  They  therefore  fur- 
nish the  most  convenient  method  of  characterizing  the  add.  The 
three  salts  just  mentioned  are  all  acid  salts,  as  is  shown  by 
the  analyses  given  below ;  the  others  probably  have  similar  com- 
position, but  were  not  analyzed.  All  may  be  crystallized  from  hot 
water,  the  dimethyl  aniline  salt  producing  the  best-formed  crystals. 

Aniline  salt,  white  needles,  melting-point  192**. 

Calculated  for  C„H„0„NBr2S :  Br,  33.27  per  cent. ;  S,  6.65 
per  cent. ;  N,  2.91  per  cent. 

Found:  Br,  33.52,  33.43  per  cent.;  S,  7.01,  6.82  per  cent.;  N, 
3.05,  3.27  per  cent. 

One  part  of  salt  dissolves  in  67  parts  of  water  at  room  temper- 
ature. 
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Diethyl  aniline  salt,  melting-point  160^. 

Calculated  for  Ci^H,,05NBr,S :  C,  4245  per  cent. ;  H,  4.28  per 
cent. ;  N,  2.61  per  cent. ;  Br,  29.80  per  cent. ;  S,  5.96  per  cent. 

Found:  €,42.25  per  cent;  H,  4.19  per  cent.;  N,  2.80  per  cent. ; 
Br,  29.63,  29.89  per  cent. ;  S,  6.14,  6.13  per  cent. 

Dimethyl  aniline  salt,  clear  prisms  melting  at  150^. 

Calculated  for  CiTHi^OgNBrtS :  C,  41.02  per  cent;  H,  3.73 
per  cent. ;  N,  2.75  per  cent. ;  Br,  31.44  per  cent. ;  S,  6.29  per  cent. 

Found :  C,  40.59  per  cent. ;  H,  3.89  per  cent. ;  N,  3.25  per  cent. ; 
Br,  31.09  per  cent. ;  S,  6.31  per  cent. 

Action  of  Silver  Nitrate  upon  p-Sulphodibromhydrocinnamic 
Add. — ^When  an  aqueous  solution  of  the  free  add  or  its  salts  is 
treated  with  a  solution  of  silver  nitrate,  a  precipitate  is  formed. 
This  is  sometimes  curdy,  but  when  both  solutions  are  concentrated, 
a  separation  of  short  needle-like  crystals  is  sometimes  observed. 
This  may  be  a  silver  salt  of  the  organic  acid,  but,  if  so,  it  is  ex- 
tremely unstable,  and  in  a  few  minutes  at  longest,  the  precipitate 
consists  entirely  of  silver  bromide.  In  dilute  solutions  in  the  cold, 
it  may  be  determined  by  a  rough  titration  that  precipitation  ceases 
when  one  molecule  of  silver  nitrate  has  been  added  to  one  of  the 
acid.  Salts  of  lead  and  mercurous  mercury  act  in  this  respect  like 
silver.  The  result,  in  any  case,  seems  to  be  a  splitting-off  of  one 
molecule  of  hydrobromic  acid  from  the  side-chain,  resulting  in  the 
formation  of  a  ^-sulphobromcinnamic  acid.  This  acid  has  not  yet 
been  isolated,  and  even  the  salts  are  difficult  to  obtain.  When 
silver  nitrate  is  used  to  remove  the  hydrobromic  acid,  the  nitric 
acid  set  free  by  the  reaction  seems  to  have  an  oxidizing  action  upon 
the  new  product  formed.  The  substitution  of  other  salts  for  silver 
nitrate  has  hitherto  involved  scxnewhat  similar  difficulties.  On 
one  occasion,  when  the  add  sodium  salt  of  ^sulphodibromhydro- 
dnnamic  add  had  been  treated  with  dilute  silver  nitrate  solution, 
the  silver  bromide  produced  filtered  off,  and  the  filtrate  evaporated 
in  a  vacuum  desiccator  over  sulphuric  acid ;  crystals  were  obtained, 
for  whose  purity  no  guarantee  could  be  given,  but  the  analytical 
data  presented  below  would  seem  to  indicate  the  presence  of  an 
add  sodium  salt  of  ^-sulphomonobromdnnamic  acid.  Nothing 
condusive  is  claimed  for  the  results. 

0.1996  gram  substance  yielded  0.1037  gram  AgBr  and  0.1352 
gram  BaS04. 
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0.2654  gram  substance  lost  0.0085  gram  at  135"^. 

Calculated  for  C.H.05BrSNa,H,0 :  Br,  23.05  per  cent;  S, 
9.22  per  cent. ;  H,0,  5.19  per  cent. 

Found:  Br,  22.11  per  cent;  S,  9.30  per  cent;  H,0,  3.54  per 
cent,  at  135"*. 

Action  of  Aqueous  Hydrobromic  Acid  upon  p-Sulphocinmamk 
Acid. — ^The  fact  that  sulphocinnamic  acid  adds  bromine  in  aqueous 
solution,  rendered  it  probable  that  hydrobromic  acid  migfat  be 
added  with  equal  readiness.  Some  of  the  acid  was  theref<Ke  dis- 
solved in  concentrated  hydrobromic  acid.  It  is  only  soluble  with 
difficulty  in  this  medium,  and  the  acid  was  warmed  to  hasten  solu- 
tion. A  few  hours  later,  the  flask  was  found  to  be  traversed  in 
all  directions  by  thin,  needle-like  crystals,  whose  length  seemed 
only  limited  by  the  dimensions  of  the  flask.  These  crystak  were 
filtered  off,  the  mother-liquor  removed  as  much  as  possible  by  suc- 
tion, and  the  crystals  air-dried.  Washing  with  pure  water  was 
impracticable  on  account  of  their  solubility  in  this  mediunL  It  was 
supposed  at  first  that  these  crystals  represented  the  hydrobromic 
acid  addition  product  sought.  A  bromine  determination,  however, 
showed  that  the  bromine  content  was  small  and  variable,  and  evi- 
dently due  only  to  contamination  from  the  mother-liquor. 

0.1567  gram  substance  yielded  0.0034  gram  AgBr. 

0.1763  gram  substance  yielded  0.0068  gram  AgBr. 

This  is  equivalent  to  0.92  per  cent,  and  1.64  per  cent  Br  respec- 
tively. 

The  possibility  remained  that  the  crystals  might  be  uncfaai^ 
^-sulphocinnamic  add.  This  seemed  at  first  very  improbable  as 
they  are  very  different  in  appearance  from  the  large  four-sided 
prisms  with  oblique  ends  which  this  add  forms  when  crystallized 
from  water.  A  further  difference  existed  in  the  fact  diat  whik 
the  latter  weathered  rapidly  on  exposure  to  the  air,  the  new  crys- 
tals were  very  stable  in  the  atmosphere,  and  only  lost  water  over 
sulphuric  acid.  This  could  be  accounted  for  if  the  new  crystals 
contained  less  water  than  the  old.  This  proved  to  be  the  cast 
The  analysis  shows  that  the  former  contain  3  molecules  of  water 
of  crystallization  while  the  latter,  as  described  by  Rudnew,  coo- 
tains  5.  The  chemical  identity  of  the  two  substances  was  shown 
by  dissolving  the  new  crystals,  in  water  and  adding  aniline  hydro- 
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chloride.  The  acid  aniline  salt  above  described,  melting  at  246**, 
was  precipitated. 

Calculated  for  C^HgOjOjSHjO,  19.22  per  cent. 

Found :  H,0,  20.36  and  20.00  per  cent  at  i  lo"*. 

The  results  are  slightly  high,  but  when  it  is  remembered  that 
these  crystals  contain  some  hydrobromic  acid,  which  would  also  be 
lost  at  this  temperature,  they  may  be  considered  conclusive. 

The  above  results  are  published  on  account  of  a  temporary  in- 
terruption of  the  work.  It  will,  however,  be  again  taken  up,  and 
I  desire  to  reserve  the  field  of  the  halogen  derivatives  of  /^-sulpho- 
cinnamic  acid  for  some  time  longer. 

My  hearty  thanks  are  due  to  my  assistant,  Mr.  L.  A.  Salinger, 
who  did  most  of  the  manipulative  work,  and  conducted  most  of 
the  analyses  recorded  in  this  paper. 

Mauacbusbtts  iNSTrrirrR  of  Tbcrnolooy, 
April  13,  190.V 
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Myrtle  wax,  also  known  as  laurel  wax  or  bayberry  tallow,  is  a 
fat  of  minor  commercial  importance  obtained  from  the  fruit  of 
tnyrica  cerifera,  a  shrub  common  along  the  North  Atlantic  sea- 
coast  and  in  other  sections  of  this  country.  The  statements  re- 
garding its  composition  are  somewhat  contradictory.  The  general 
books  of  reference  state  that  it  is  mainly  free  palmitic  acid  with 
about  20  per  cent,  palmitin.  Some  state  that  it  also  contains  lauric 
acid  and  others  that  it  contains  stearic  and  myristic  acids.  The 
first  of  these  statements  is  due  to  Moore,^  the  second  to  Chevreul.* 

On  the  otljer  hand,  the  works  on  oil  and  fat  analysis  state  that 
myrtle  wax  is  a  triglyceride  with  a  small  amount  of  free  fatty  acid, 
and  give  low  "acid  values"  in  support  of  these  statements.  Bene- 
dict' states  that  it  is  composed  mainly  of  palmitin  with  some 
myristin  and  stearin.    Lewkowitsch*  says  that  in  addition  to  the 

i  Am.  J.  Sei.  and  Arts,  and  Mriea,  33,  313. 

•  Comft,  retid.,  ao,  38. 

•  ••  Analyse  der  Fette,"  3rd  ed..  p.  535. 

«  ••Cbemicml  Analysis  of  OiU,  Pau,  an4  Waxes,'*  p.  543. 
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above  it  contains  a  small  amount  of  oleic  acid  Allen/  while  he 
does  not  give  the  composition  of  myrtle  wax,  says  that  it  oontaini 
0.12  per  cent  of  free  acid  (in  terms  of  palmitic  acid).     Baybeny 
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wax  has  been  suggested  and  used'  as  a  convenient  source  of 
palmitic  acid  so  that  the  question  of  its  compositioD  becomes  t 
matter  of  importance. 

The  following  experiments  were  undertaken  tor  the  purpose  of 
obtaining  additional  evidence  on  this  question.  The  material  used 
was  obtained  by  us  directly  from  the  berries  by  extractioo  with 

^  "  Commercial  Oriaaic  ABalyris,"  sfd  ed..  Ifot  XI,  Put  1,  p.  169. 
•  Cbittefldca and  Smtth :  Am.  Cktm,  /.,  •,  itS. 
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petroleum  ether.  The  extractor  used  was  devised  from  ordinary 
'laboratory  apparatus  and  worked  so  well  that  w£  append  a  sketch 
of  it  for  the  benefit  of  any  one  who  has  occasion  to  extract  quanti- 
ties of  material  laq^er  than  can  be  contained  in  a  Soxhlet's  ex- 
tractor of  ordinary  size. 

The  following  constants  were  obtained  by  the  methods  given  in 
Lewkowitsch's  "Chemical  Analysis  of  Oils,  Fats  and  Waxes." 


,0 


33 

Specific  gravity, —— 0.9806 

Specific  gravity. -25— 0.878 

Mel  ting.poi  n  t 48^  ^ 

Solidifying  point 45^ 

Saponification  value 217 

Iodine  value  (Hubl) 3.9 

Reichert-Meiasl  number 0.5 

Acid  number 30.7 

Refractive  index,  8o® 1.4363 

# 

These  figures  show  the  absence  of  oleic  and  volatile  acids  and 
agree  with  the  assumption  that  myrtle  wax  is  mainly  palmitin  with 
some  lower  glyceride  and  a  small  amount  of  free  acid.  By  crys- 
tallizing four  times  from  petroleum  ether  pure  palmitin  was  ob- 
tained, melting-point,  62.5 ;  saponification  value,  209.4 ;  refractive 
index,  14380  at  So"". 

Like  most  fats,  myrtle  wax  shgws  a  change  of  melting-point 
and  other  constants  on  standing.  The  berries  from  which  the 
above  wax  was  obtained  were  picked  in  September  and  the  wax 
was  extracted  and  its  constants  obtained  in  November.  On  extract- 
ing another  portion  in  March,  a  melting-point  of  54^  was  obtained. 
Wax  from  berries  obtained  in  August  and  extracted  in  March 
melted  at  554"*.  A  redetermination  in  March  of  the  melting-point 
of  the  main  portion  gave  52.5®,  a  rise  of  4.5**  in  four  months.  A 
specimen  of  wax  about  four  years  old  melted  at  57**  and  solidified 
at  58.3"*.  These  rather  high  figures  led  us  to  suspect  that  stearin 
might  be  present  but,  after  repeated  crystallization  from  alcohol, 
practically  pure  palmitin  was  obtained,  melting  at  61.5^  and  giving 
a  saponification  value  of  206.7.  '^^^  absence  of  stearic  acid  was 
finally  shown  by  the  fact  that  Hehner  and  Mitchell's  method  gave 
no  stearic  acid  even  on  salting  with  a  crystal  of  stearic  acid  and 

1  «•  MeUiod  of  Alien/*  VoL  II.  Part  I,  p.  34. 
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allowing  to  stand  for  a  further  period  of  ten  hours  at  o^.  We 
conclude  therefore  that  myrtle  wax  contains  no  stearin  and  that 
the  high  melting-point  of  the  older  material  is  due  to  the  obscure 
change  which  tajces  place  in  many  fats  on  standing.  We  hope  to 
study  this  change  in  myrtle  wax  further  and  determine  how  the 
constants,  other  than  melting-  and  solidifying-points,  are  affected 
thereby. 

I«EWI9  INSTXTUTB,  CHICAGO,  ILL., 

March,  X903. 
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In  the  laboratory  with  which  the  writers  are  connected,  manj 
bronzes  and  bearing  metals  are  analyzed,  and  it  was  thought  that 
the  methods  which  are  used  might  prove  of  interest  to  the  members 
of  this  Section. 

While  the  scheme  contains  much  that  is  old,  we  wish  to  call  par- 
ticular attention  to  the  volumetric  method  for  determining  lead,  as 
the  results  obtained  by  it  are  as  reliable  as  those  obtained  by  the 
sulphate  method. 

BRONZES. 

The  analysis  of  bronzes  is  carried  out  as  follows : 
Weigh  I  gram  of  the  sample  (0.5  gram,  if  the  lead  is  over  15 
per  cent.)  into  a  No.  2  beaker,  cover  with  a  watch-glass,  add  10 
cc.  nitric  acid  (sp.  gr.  1.42)  and  warm  until  all  is  dissolved.  When 
in  solution,  add  40  cc.  hot  water  and  boil  five  minutes,  filter,  wash 
with  2  per  cent,  nitric  acid,  bum  and  weigh  as  SnO,.  To  the  fil- 
trate add  25  cc.  strong  ammonia  and  heat  to  boiling,  then  add 
about  5  grams  ammonium  persulphate  and  boil  from  five  to  ten 
minutes.  Make  acid  with  sulphuric  acid,  filter  and  wash  with  hot 
water.  The  lead  will  remain  on  the  filter  as  lead  peroxide.  Trans- 
fer the  precipitate  and  filter  to  the  beaker  in  which  precipitation 
was  made,  add  water  and  stir  well  to  disintegrate  the  filter-paper. 
Dilute  to  600-700  cc.  with  cold  water,  add  about  3  grams  po- 
tassium iodide  and  some  starch  solution.  When  all  the  iodide  is 
dissolved,  add  10  cc.  hydrochloric  acid  (1:1),  stir  well  and  titrate 

1  Re«d  before  the  PitUbnrg  Section  of  the  Ameiicfta  Chenical  Society  ftt  the  irtt 
monthly  meeting,  March  19, 1903. 
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with  one-twentieth  normal  sodium  thiosulphate  until  the  solution 
changes  frcwn  the  dirty  and  dark  yellow  color  to  a  bright  lemon- 
yellow  ;  or,  an  excess  of  sodium  thiosulphate  may  be  added  and  the 
excess  titrated  with  one-twentieth  normal  iodine  solution  until  the 
color  changes  from  the  bright  yellow  of  the  lead  iodide  present  to 
the  dirty  and  dark  yellow.  The  number  of  cubic  centimeters  of 
sodium  thiosulphate  used  multiplied  by  0.5175  will  give  the  per- 
centage of  lead.  Where  speed  is  not  desirable,  the  lead  may  be 
determined  by  adding  sulphuric  acid  to  the  fihrate  from  the  oxide 
of  tin,  or  the  lead  and  copper  may  be  deposited  with  the  electric 
current. 

Dilute  the  filtrate  from  the  lead  peroxide  to  500  cc,  h^at  to  boil- 
ing and  add  50  cc.  of  a  20  per  cent,  sodium  thiosulphate  solution,* 
boil  five  minutes,  filter,  wash  with  hot  water,  bum,  and  weigh  as 
CuO. 

Copper  may  also  be  determined  by  the  following  method,  which 
is  a  modification  of  Low's  method.'  Dissolve  0.5  gram  of  the 
sample  in  10  cc.  nitric  acid  (sp.  gr.  1.42).  When  in  solution, 
dilute  with  cold  water  and  add  sodium  carbonate  until  the  solution 
is  alkaline,  make  acid  with  acetic  .acid  and  add  about  3  grams  po- 
tassium iodide  and  some  starch  solution.  Titrate  with  a  sodium 
thiosulphate  solution  which  has  been  standardized  with  pure 
copper. 

Oxidize  the  filtrate  from  the  copper  sulphide  thrown  down  by 
the  thiosulphate  as  described  above,  with  nitric  acid  and  potassium 
chlorate  and  evaporate  until  the  volume  is  about  300  cc.  Make  a 
basic  acetate  separation  and  determine  iron  or  aluminum  by  the 
well-known  methods.  Make  the  filtrate  from  the  iron  or  alu- 
minum strongly  alkaline  with  ammonia,  heat  to  boiling  and  add 
ammonium  persulphate,  boil  five  minutes,  filter,  and  wash  with  hot 
water,  bum  and  weigh  as  Mn^O^. 

To  the  filtrate  from  the  manganese  add  ammonium  phosphate 
in  excess,  heat  to  boiling  and  add  hydrochloric  acid  until  there  is 
but  a  slight  excess  of  ammonia,  boil  five  minutes,  filter  and  wash 
with  hot  water.  The  precipitate  may  be  dried  and  weighed  as 
ZnNH4P04,  or  it  may  be  filtered  on  a  Gooch  crucible  and  ignited 
to  Zn^PjO^.    It  may  also  be  titrated  with  standard  acid  and  alkali.' 

1  NiMenaon  and  Kenmann  :  Ckem.  Ztg.^  1895,  p.  1591. 

<  Eng.  and  Min.  /..  1895. 
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Any  nickel  which  may  be  present  will  be  found  in  the  filtrate 
from  the  zinc  and  may  be  precipitated  as  sulphide  and  ignited  to 
NiO.  If  manganese  is  present  in  small  quantities,  it  may  be  deter- 
mined in  a  separate  portion  by  the  following  method :  Weigh  oji 
gram  of  the  sample  into  a  suitable  test-tube,  add  lo  cc  nitric  add 
(sp.  gr.  1.20)  and  warm  until  the  sample  is  dissolved  and  all 
nitrous  fumes  are  driven  off.  Add  15  cc.  silver  nitrate  scriution 
(i-33  grams  of  the  salt  to  i  liter  of  water)  and  about  0.5  gram 
ammonium  persulphate,  warm  until  the  manganese  is  oxidized  to 
permanganic  acid,  cool,  transfer  to  a  beaker,  dilute  to  100  cc,  and 
titrate  with  standard  sodium  arsenite  or  hydrogen  peroxide  until 
disappearance  of  the  pink  color. 

DETERMINATION  OF  PHOSPHORUS. 

To  determine  phosphorus  dissolve  i  gram  of  the  sample  in  5 
cc.  fuming  nitric  acid,  evaporate  to  expel  most  of  the  free  add, 
add  10  cc.  concentrated  hydrochloric  acid  and  evaporate  to  dry- 
ness. Dissolve  the  residue  in  hydrochloric  acid  and  water,  heat  to 
boiling  and  precipitate  lead,  tin,  and  copper  with  metallic  zinc,  filter 
and  wash  with  hot  water.  To  the  filtrate  add  some  iron  solution 
free  from  phosphorus  and  10  cc.  nitric  acid  (sp.  gr.  1.42),  boil  a 
few  minutes  and  then  precipitate  with  ammonia  and  filter  to 
separate  most  of  the  zinc,  dissolve  the  pi^ecipitate  in  hot  nitric  add 
(sp.  gr.  1.20)  and  precipitate  the  phosphorus  with  molybdate  solu- 
tion.   The  yellow  precipitate  may  be  weighed  or  titrated. 

BEARING  METALS. 

If  the  sample  is  high  in  tin  and  low  in  lead,  proceed  as  outlined 
for  bronzes,  but  if  the  sample  is  high  in  lead  and  omtains  anti- 
mony, proceed  as  suggested  by  Mr.  George  Hopkins,  chemist  to 
the  Carrie  FutTiaces  of  the  Homestead  Steel  Works,  he  having 
found  that  the  addition  of  an  excess  of  pure  tin  will  insure  the 
complete  separation  of  the  antimony  with  the  oxide  of  tin.  Weigh 
0.5  gram  of  the  sample  and  0.25  gram  of  pure  tin  into  a  tall  No.  2 
beaker,  cover  with  a  watch-glass,  add  20  cc.  nitric  acid  (sp.  gr. 
1*33)  and  boil  down  to  pastiness,  add  40  cc.  hot  water  and  boil  a 
few  minutes,  filter  and  wash  with  2  per  cent,  nitric  acid,  burn  and 
weigh  as  SnO,  +  Sb,04.  The  filtrate  is  made  strongly  alkaline 
with  caustic  potash  and  the  lead  oxidized  by  adding  about  10 
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grams  ammonium  persulphate.  The  rest  of  the  analysis  is  carried 
out  as  outlined  for  bronzes. 

To  determine  antimony^  weigh  i  gram  of  the  sample  and  i  gram 
potassium  iodide  into  a  No.  2  beaker,  add  80  cc.  hydrochloric  acid 
(sp.  gr.  1. 10)  and  boil  gently  for  one  hour,  filter  on  a  weighed 
paper  or  Gooch  crucible  and  wash  with  dilute  hydrochloric  acid 
and  then  with  hot  water  until  free  from  chlorides.  Wash  once 
with  alcohol,  dry  for  one  hour  at  100^  C.  and  weigh.  The  increase 
in  weight  is  metallic  antimony.  Calculate  this  to  Sb204  and  sub- 
tract from  the  weight  of  the  mixed  oxides ;  calculate  the  tin  from 
the  weight  of  stannic  oxide  found  and  subtract  the  tin  which  was 
added. 

Arsenic  is  determined  in  a  separate  portion  by  any  of  the  well- 
known  distillation  methods. 

Bismuth,  if  present,  would  be  found  with  the  cqpper  sulphide, 
and  can  be  determined  by  dissolving  the  sulphides  in  nitric  acid, 
and  precipitating  the  bismuth  with  ammonia. 

REMARKS. 

It  will  be  noted  that  the  filtrate  from  the  tin  in  bronzes  is  made 
alkaline  with  ammonia,  while  in  bearing  metals,  caustic  potash  is 
used.  If  caustic  potash  be  used  for  bronzes,  the  copper  would  be 
precipitated  and  the  lead  would  not  be  completely  oxidized,  while 
if  the  filtrate  of  a  high  lead-bearing  metal  is  made  alkaline  with 
ammonia  the  lead  hydroxide  precipitate  would  be  of  such  large 
volume  that  complete  oxidation  would  not  take  place. 

In  filtering  the  lead  peroxide  it  is  necessary  to  add  some  paper 
pulp  to  the  filter,  otherwise  some  of  the  precipitate  will  run 
through.  Should  manganese  be  present,  the  lead  will  have  to  be 
determined  by  the  sulphate  method  as  the  oxide  of  manganese 
would  be  precipitated  with  the  lead  peroxide  and  would  not  dis- 
solve in  the  sulphuric  acid  added. 

While  we  have  not  made  many  experiments,  we  feel  safe  in 
saying  that  the  manganese  could  be  separated  directly  from  the 
copper  sulphide  filtrate,  if  most  of  the  sulphuric  kcid  is  neutralized 
and  the  solution  oxidized  with  ammonimn  persulphate. 

In  determining  lead  by  the  sulphate  method  or  by  the  electro- 
lytic method,  a  large  amount  of  time  is  consumed  in  evaporating 

1  Andrews:  TbU  Jonmal,  17,  ^72. 
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to  sulphuric  fumes  or  in  the  long  passage  of  the  electric  cunent, 
while  by  the  titration  method,  if  lead  only  is  wanted,  it  may  be 
determined  without  separating  the  tin,  and  the  time  required  will 
be  about  thirty  minutes. 

If  the  copper  is  determined  by  the  volumetric  method,  tin,  lead, 
and  copper  results  will  be  obtained  in  about  one  hour. 

The  following  lead  results  were  obtained  on  the  same  samples 
by  the  sulphate  and  volumetric  methods. 

Sample.  Sulphate  method.  Volumetric  method. 

Bronze  No.  4 3.60  2.61 

**    a. 4.6S  4«7i 

"      H 5.05  4.97 

••      No.  1 5.59  5.33 

"      A 5.67  5.62 

"      B 7.47  7.51 

"      M 9.77  9.73 

•*      S 13.72  13.62 

••      A.P 26.68  26.55 

Babbit  C 3.29  3.41 

*•     D.S 65.85  65.93 

"     L 80.80  80.73 

••     D 89.63  89.50 

We  have  lately  had  occasion  to  determine  sulphur  in  bronzes 
and  we  have  done  this  by  dissolving  about  10  grams  of  the  sample 
in  the  double  chloride  of  potassium  and  copper  used  in  carbon  de- 
terminations, filtering  off  the  sulphide  of  copper  and  ignitii^  to 
copper  oxide.  We  then  calculate  the  sulphur  from  the  weight  of 
oxide  found ;  of  course,  in  very  accurate  work  the  copper  sulphide 
should  be  oxidized  and  the  sulphur  determined  as  barium  sulphate. 

Following  are  some  analy9es  made  by  the  methods  outlined  in 
this  paper.  All  precipitates  obtained  were  tested  and  in  no  case 
were  impurities  found. 

BabbiL     Babbit     Bronae.     Bronse.    Brooae.     Broaie. 

Tin 4.13  43.a7  741  4.85  7-88  3.55 

tc«d 79.30  43.63  9.73  2.80  5.05  5.87 

Copper 0.56  82.09  90.31  85.68  86.23 

Antimony 16.30  12.60  

Zinc ....  0.95  •  -  •  •  1.46  3.55 

floL&nBsnefle ........     ....  ....  «...  i  .oo  ••••  .... 

Iron o.2r  ••••  0.40 

Sulphnr  ...•. ....  ....  ....  ....  0.30 

99.73      100.06    TOO.  18     99.97    100.07     99.90 

I^ABOEATORT  UlTXTBD  9NOIIVBSaZKO  aiTD  POUHDaT  COMPANT, 

LIMCOLN  POOKDaT  COICPANT  DBFAaTMBKT. 

PlTTtBURO,  Pa. 


SILVER  AS  A  REDUCINQ  AQENT. 

By  W.  8.   HBNDS.IZ80N. 
Reodvad  Mvdi  m.  i903* 

As  has  been  pointed  out,  silver,  in  a  finely  divided  condition,  is 
dissolved  by  ammonia  in  the  presence  of  atmospheric  oxygen,  and 
it  slowly  reduces  a  neutral  solution  of  potassium  permanganate.^ 

It  occurred  to  the  writer  that  it  might  be  of  interest  to  study  in 
a  systematic  and  quantitative  way  the  behavior  of  finely  divided 
silver  toward  substances  that  readily  give  up  oxygen,  such  as 
chromic,  chloric,  bromic,  iodic  and  permanganic  acids.  Thus  far 
the  action  of  silver  on  chromic,  chloric  and  iodic  acids  has  been 
studied  and  the  results  and  related  problems  are  of  sufficient  in- 
terest to  make  the  author  desirous  of  studying  the  subject  some- 
what exhaustively.  It  is  deemed  best,  in  view  of  the  absence  of 
aid  and  the  small  amount  of  time  at  his  disposal,  to  give  some  of 
the  results  in  this  preliminary  statement  and  reserve  the  details 
for  a  future  communication. 

Three  separate  preparations  of  silver  were  made,  two  from  the 
ordinary  conimercial  nitrate,  and  one,  which  was  used  in  most  of 
the  following  experiments,  from  pure  silver  obtained  by  the 
method  of  Stas.  In  each  case  the  silver  was  precipitated  from  an 
alkaline  solution  of  silver  oxide  by  formaline.  It  was  washed  and 
heated  alternately  with  ammonia  and  dilute  sulphuric  acid,  and 
washed  until  every  trace  of  the  add  was  removed.  The  prepara- 
tions were  dried  and  heated  at  various  temperatures,  from  125*, 
in  one  case,  to  low  red  heat  in  another. 

Action  of  Silifer  on  Chromic  Acid. — ^A  solution  of  potassium  bi- 
chromate was  prepared  by  weighing  the  salt  which  had  been  ob- 
tained by  crystallizing  three  times  from  water  the  chemically  pure 
salt  of  commerce,  and  dr3nng  to  constant  weight.  The  salt  was 
heated  for  two  hours  in  a  porcelain  crucible  in  an  air-bath  at  120^, 
and  then  during  two-hour  periods  at  150®,  170'',  200**  and  300*. 
The  crucible  was  then  placed  upon  a  triangle  in  a  large  porcelain 
crucible  which  served  as  an  air-bath  and  which  was  heated  with 
the  full  burner  flame  for  two  hours,  when  the  salt  showed  incipient 
fusion.  Its  weight  remained  perfectly  constant  above  200^,  and 
17  grams  lost  only  a  few  milligrams  above  120^.    From  this  salt 

>  If.  Carey  I«eft :  ZUchr.  anorg,  Ckem.^  3,  x8o. 
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and  water  obtained  by  fractionally  distilling  ordinary  distilled 
water,  a  fifth-normal  solution  with  respect  to  ks  oxidizing  power 
was  made,  containing  9.8166  grams  to  i  liter. 

Weighed  amounts  of  silver,  about  i  gram  in  each  case,  were 
heated,  sometimes  in  a  covered  beaker  and  sometimes  in  a  flask 
with  an  air-cooling  tube  ground  into  its  neck,  with  25  cc  of  the 
chromate  solution  and  the  same  volume  of  normal  sulphuric  add. 
Heated  to  gentle  boiling,  the  time  necessary  for  thecompletereduc- 
tion  of  the  chromate  varies  much  with  the  fineness  of  divisionof  tlie 
silver.  With  silver  used  in  the  first  two  experiments  the  reductkm 
was  complete  in  fifteen  minutes,  while  that  used  in  3,  4,  and  5 
required  much  longer.  After  the  reduction  was  complete,  the  re- 
maining silver  was  weighed  in  a  Gooch  crucible. 

Following  are  the  results  of  five  experiments.  The  theoretkal 
value  is,  of  course,  based  upon  the  supposition  that  i  molecule  of 
chromate  oxidizes  6  atoms  of  silver. 

Volume  of  triclifXMnate. 

cc.  Silver  diaeolved.  Theory. 

1 25.00  0.5413  0.5397 

3 35.00  0.5438  


3 35.00         0.5380 

4 35.00         0.5366 

5 25.00         0.5376 


Action  of  Silver  on  Iodic  Acid. — In  experiment  6  the  iodic  acid 
and  silver  were  heated  with  normal  sulphuric  acid  and  in  7  the 
iodic  acid  was  in  water  solution.  After  heating  at  the  boiling- 
point  for  about  two  hours,  replacing  the  water  evaporated  from 
time  to  time,  the  undissolved  silver,  silver  iodate  and  iodide  were 
weighed.  So  much  of  the  mixture  ks  possible,  without  getting  as- 
bestos from  the  Gooch  crucible,  was  transferred  to  a  porcdain 
crucible,  weighed  and  heated  to  redness.  Oxygen  was  evdved 
and  was  determined  by  loss.  From  the  loss  of  oxygen  in  a  portioa 
of  the  mixture,  the  silver  as  iodate  could  be  calculated,  and  from 
this,  the  silver  in  solution  and  the  silver  taken,  the  silver  as  iodide 
could  also  be  calculated.  In  the  following,  column  i  shows  die 
silver  used,  2  the  total  loss  of  oxygen,  3  silver  as  iodate,  4  silver  io 
solution,  and  5  silver  as  iodide. 

I.  a.  3.  4.  5- 

6.< 1.3700      0.1418      0.3188      0.0434       ao737 

7 1.0335       0.1508      0.3390      0.0008       0.0737 
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In  experiment  6,  the  ratio  of  silver  as  iodide  to  the  total  silver 
oxidized  is  i  :5.98  and  in  7  the  ratio  is  i  :5.67. 

Action  of  Silver  on  Chloric  Acid. — In  experiment  8,  7  cc.  of 
Merck's  chloric  add  w^re  diluted  to  50  cc,  and  such  a  solution 
was  about  three-tenths  normal.  The  acid  contained  only  a  trace  of 
hydrochloric  add,  too  small  an  amount  in  the  volume  taken  to  in- 
fluence the  result.  In  experiment  g,  normal  sulphuric  acid  and 
pure  potassium  chlorate  were  used.  After  heating  about  two 
hours,  the  silver  in  solution  and  the  residue  of  silver  and  silver 
chloride  were  determined. 

Silver  Ukcn.  SilTer  in  wtation.        Silver  ••  chloride. 

8 2.0295  0.8859  0,1775 

9 1-9517  0.5514  0.1473 

In  experiment  8,  the  ratio  of  the  silver  as  diloride  to  the  total 
silver  acted  upon  is  i  :  5.99  and  in  9  the  ratio  is  i  :  4.74. 

The  experiments  show  that  both  chromic  and  iodic  acids  arc 
capable  alone  of  oxidizing  large  quantities  of  findy  divided  silver. 
Both  acids  seem  to  react  quantitatively  upon  silver  with  the  result 
that  a  mdecule  of  the  acid  is  completely  reduced  and  6  atoms  of 
silver  are  oxidized,  i  of  whidi  forms  a  halide  and  5  form  silver 
chlorate  or  iodate  as  shown  in  the  equation 

6Ag  +  6HC10,  =  AgCl  +  sAgClO,  +  3H,0. 
The  action  goes  on  in  very  dilute  solutions.  Calculations  from  the 
amounts  of  acids  used  and  silver  oxidized  show  that  the  strength 
of  the  iodic  acid  solution,  when  the  experiment  was  stopped  in 
experin\ent  7,  could  not  have  exceeded  one-twentieth  normal,  and 
the  strength  of  the  chloric  acid  at  the  end  of  experiment  8  was 
about  one-tenth  normal.  Bromic  acid  also  readily  dissolves  silver 
but  this  reaction  has  not  yet  been  quantitatively  studied. 

Action  of  Dilute  Sulphuric  Acid  on  Silver. — M.  Carey  Lea*  has 
stated  that  even  very  dilute  sulphuric  acid  dissolves,  in 
small  quantity,  finely  divided  silver.  I  found  this  to  be  tcue  in 
the  case  of  every  sample  of  silver  prepared,  and  the  amounts  dis- 
solved by  the  normal  acid  alone  were  determined.  The  weights  of 
silver  dissolved  were  in  two  samples  about  0.4  milligram  for  each 
gtam  of  silver  taken,  amounts  so  small  that  no  corrections  were 
made  in  experiments  i  to  8.  A  correction  was,  however,  applied 
in  experiment  9  in  which  the  silver  used  was  much  more  soluble. 

^  Loceii. 
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Since  it  was  observed  that  continued  heating  did  not  seem  to 
influence  the  amount  of  silver  which  the  acid  alone  dissolved,  a 
study  was  made  of  the  reason  for  this  solvent  action.  About  a 
gram  of  silver  on  which  the  acid  exerted  a  marked  solvent  action, 
was  placed  in  a  hard  glass  tube  which  was  stoppered  into  a  distill- 
ing  flask  so  that  the  tip  of  the  tube  was  in  the  bulb  of  the  flask. 

Through  the  tube  and  flask,  which  contained  normal  sulphuric 
acid  and  was  placed  horizontally,  was  passed  pure  hydrogen  and 
the  acid  was  boiled  to  expel  any  dissolved  oxygen.  The  silver  was 
heated  in  the  current  of  hydrogen  to  reduce  any  oxide  that  it 
might  contain.  When  cool  it  was  allowed  to  fall  into  the  boilii^ 
acid  by  tilting  the  flask  and  tube.  By  depressing  the  neck  of  the 
flask,  small  portions  of  the  acid  could  be  drawn  off  through theside 
tube  from  time  to  time  and  tested  for  silver.  Though  the  evapo- 
ration was  continued  practically  to  dryness,  no  trace  of  silver  was 
found  in  solution. 

To  determine  whether  the  apparent  solvent  action  might  not  be 
due  to  superficial  oxidation  of  the  silver,  the  above  experiment  was 
repeated,  save  that  the  silver  was  not  heated.  Again  after  lon^' 
boiling  no  silver  was  found  in  solution.  It  then  seemed  of  interest 
to  determine  at  least  approximately  at  what  concentration  boiling 
sulphuric  acid  begins  to  attack  silver.  The  experiment  was  re- 
peated save  that  the  silver  was  not  heated,  and  pure,  dilute  acid  of 
the  ordinary  reagent  strength  was  used.  The  acid  was  allowed 
to  concentrate  by  evaporation  and  was,  toward  the  end  of  the  ex- 
periment, tested  for  silver  at  least  every  minute.  Suddenly  the 
character  of  the  boiling  changed  and  the  silver  rose  to  the  surface 
and  appeared  spongy,  owing  to  the  formation  of  sulphur  dioxide. 
The  boiling  was  stopped  and  a  test  showed  silver  in  solution.  The 
acid  was  allowed  to  cool,  a  portion  of  it  was  weighed  and  titrated, 
and  it  showed  a  concentration  of  74.03  per  cent. 

The  above  experiment  seems  to  show  definitely  that  dilute  sul- 
phuric acid  alone  is  incapable  of  dissolving  finely  divided  silver, 
and  that  the  seeming  solvent  action  is  due  to  the  oxygen  of  the  air, 
oxygen  dissolved  in  the  acid,  or  to  that  derived  from  some  external 
source. 

In  the  near  future  an  attempt  will  be  made  to  ascertain  whether, 
by  excluding  extraneous  oxygen,  the  actual  oxidizing  power  of  a 
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bichromate  solution  may  not  be  very  accurately  determined  with 
silver. 

Iowa  Collxob,  Gsinkbll,  Iowa, 
ICatcIi  ai,  1903. 


ReDUCIBILITY  OF  SOilE  METALLIC  OXIDES  BY  HYDRO- 
GEN AND  CARBON  HONOXIDE. 

Bt  iKviifo  W.  Pat  and  Albb&t  P.  Sbbkbb.. 

Rec«iT«d  April  II.  B903. 

In  passing  hydrogen  gas  over  silver  oxide  in  a  bulb  tube  to  show 
the  reduction  of  the  oxide  to  metallic  silver  I  frequently  poticed 
slight  explosions  and  a  sudden  change  of  oxide  to  metal  at  what 
«eemed  a  low  temperature  for  such  an  effect.  In  the  literature,  I 
found  that  silver  oxide  was  reduced  by  hydrogen  at  85®*  and 
TOO**.*  Wishing  to  test  the  accuracy  of  these  temperatures,  the 
following  investigation  was  b^^n  with  the  impression  that  both 
temperatures  were  too  high.  Both  hydrc^en  and  carbon  monoxide 
were  used  to  reduce  the  silver  oxide.  Later,  other  oxides  were 
submitted  to  the  reducing  action  of  these  two  gases. 

The  method  used  by  Mueller*  consisted  in  placing  a  glass  tube 
containing  the  oxide  in  the  sand  of  a  sand-bath.  A  thermometer 
was  thrust  into  the  sand  so  that  the  bulb  was  close  to  the  part  of 
the  tube  containing  the  oxide.  The  tube  was  bent  at  a  right  angle, 
one  end  sealed,  the  open  lower  end  dipping  under  water.  The  tube 
was  filled  with  hydrogen  and  the  temperature  increased.  Reduc- 
tion of  the  oxide  was  shown  by  ascent  of  water  in  the  open  end  or 
arm  of  the  tube. 

Wright*  and  Luff  placed  the  metallic  oxides  for  reduction  in  a 
test-tube  arranged  vertically  in  a  paraffin  bath,  about  0.5  gram 
being  taken  for  each  observation.  The  mouth  of  the  test-tube  was 
closed  by  a  cork  with  three  perforations,  one  for  the  thermometer, 
the  bulb  of  which  reached  to  the  bottom  of  the  tube,  one  for  the 
entrance  tube  for  leading  in  the  pure  gas,  and  the  third  for  an  exit 
tube  just  passing  through  the  cork  and  bent  at  a  right  angle  and 
coupled  by  a  rubber  joint  to  a  Will  and  Varrentrapp's  ammonia 

1  wahler:  Ann.  Oum.  (Uebig),  30,  4. 
*  Mfiller :  Fogg.  Ann.,  136,  si- 
•/.  Ckem.  Soc.  (I/mdon),  33,  i. 
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bulb  apparatus  filled  with  clear  baryta  water.  In  order  to  make 
sure  that  the  entering  gas  was  at  the  same  temperature  as  the  batii, 
the  entrance  tube  was  bent  over,  downwards  and  upwards,  so  as  to 
form  a  U,  reaching  down  to  the  bottom  of  the  test-tube  and  Ijring 
close  to  the  outer  surface ;  the  upper  part  of  the  tube  was  wrapped 
with  lamp-wick  to  prevent  aerial  cooling.  Loss  of  weight  was 
used  to  determine  actual  reduction,  and  fifteen  minutes  was  the 
time  allowed  for  each  test.  • 

Experimental  Part. 

reduction  op  silver  oxide  by  hydrogen. 

The  oxide  was  that  sold  as  chemically  pure.  As  a  preliminary 
test,  silver  oxide  was  placed  in  a  tube  about  0.25  inch  intensal 
diameter,  so  bent  that  it  was  easily  clamped  in  position  with  the 
bend  i  inch  below  the  surface  of  oil  in  an  oil-bath.  A  thermometer 
was  hung  in  the  oil  with  its  bulb  close  to  the  bend  of  the  glass  tube 
where  the  silver  oxide  lay.  Hydrogen  gas  from  zinc  and  hydro- 
chloric acid  without  drying  was  passed  slowly  over  the  oodde.  At 
a  temperature  of  100^,  the  oxide  was  reduced  in  a  few  minutes  to 
the  familiar  grayish  white  powder  of  metallic  silver.  An  hour's 
heating  at  80^  did  not  seem  to  reduce  any  oxide,  but  examinatioa 
under  a  microscope  showed  metallic  silver  in  the  dark  powder. 
At  40°  the  microscope  revealed  particles  of  silver.  The  silver 
oxide  had  previously  been  examined  under  the  microscope,  and 
metallic  silver  proved  absent.  Below  40^  no  reduction  was  appar- 
ent, but,  suspecting  that  longer  exposure  to  hydrogen  would  show 
a  reduction,  a  quantity  of  oxide  was  sealed  in  an  atmosphere  of 
hydrogen  within  a  tube  and  laid  aside  in  a  drawer  at  ordinary 
laboratory  temperature.  At  the  end  of  a  week,  the  black  cok)r  of 
the  oxide  was  completely  changed  to  white  metallic  silver,  and 
moisture  could  be  seen  upon  the  glass  inside  of  the  tube.  A 
similar  tube  similarly  charged  was  placed  alongside  a  block  of  ice 
in  a  refrigerator.  In  a  week,  the  powder  had  become  blacker,  and 
moisture  was  shown  by  the  powder  sticking  to  the  tube,  and  metal- 
lic silver  was  seen  under  the  microscope. 

To  insure  the  constant  maintenance  of  o^  C.  during  the  test,  a 
wooden  V-shaped  trough  was  used,  i  foot  in  length  and  about  the 
same  in  height.    The  tube  containing  the  oxide  lay  along  the 
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bottcmi  of  the  trough,  the  end  projecting  through  a  round  h(^e  so 
bored  as  to  allow  of  easy  removal  and  insertion  of  the  oxide  tube. 
Crushed  ice  was  kept  in  the  trough,  and  woolen  coverings  were 
placed  over  it. 

Pure  dry  hydrogen  gas  was  used  for  the  subsequent  work.  It 
was  made  from  zinc  and  sulphuric  acid,  to  which  some  copper  sul- 
phate solution  had  been  added,  and  it  was  further  purified  by 
passing  it  in  succession  through  two  wash-bottles  containing 
permanganate  of  potash  solution,  a  U-tube  containing  pumice 
saturated  with  a  solution  of  mercuric  chloride,  a  U-tube  filled  with 
pumice  wet  with  a  solution  of  potassium  hydroxide,  a  piece  of  iron 
pipe,  containing  copper  tacks  and  copper  gauze,  heated  to  redness 
(the  wrapped  ends  kept  cool  by  water  dripping  from  capillary 
tubes),  a  U-tube  containing  anhydrous  copper  sulphate,  a  tower  of 
calcium  chloride,  and  a  wash-bottle  half-filled  with  phosphorus 
pentoxide.    The  rubber  joints  were  covered  with  shellac  varnish. 

A  glass  tube  0.5  inch  internal  diameter  was  charged  with  silver 
oxide,  and  capillary  tubes  were  drawn  out  at  each  end.  The  tube 
was  placed  in  the  ice  trough  and,  when  some  time  had  elapsed  to 
allow  it  to  attain  o^  C,  a  stream  of  hydrogen  was  passed  for  one 
hour,  and  then  a  manometer  tube  consisting  of  a  capillary  tube  of 
U-shape  half-filled  with  mercury  and  so  bent  that  the  parallel  arms 
were  but  an  inch  apart,  the  height  of  the  manometer  being  12 
inches,  was  joined  to  the  oxide  tube  by  a  short,  tightly-fitting 
black  rubber  tubing,  afterward  covered  with  shellac  varnish. 

The  capillary  where  the  hydrogen  had  entered  was  sealed,  and 
except  for  additions  of  ice  from  time  to  time,  the  apparatus  was 
left  to  itself  for  five  days.  The  progress  of  the  reduction  is  shown 
in  the  following  table  of  corrected  readings. 

Rise  of  mercury  in  the  arm  toward  the  oxide  tube : 

mm. 

£ndof6h<rarB 7.6 

*'     "  r  day 34.0 

"     "  2day« 35.8 

"     "  3    "  47.8 

••     "  4    "  56.4 

••     "5    "  70.4 

On  removing  the  tube  from  the  melting  ice,  moisture  was 
plainly  visible  condensed  on  the  upper  side. 
The  amount  of  reduction  was  so  much  more  than  was  expected 
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that  it  was  feared  hydrogen  had  diffused  outward  through  the 
rubber  joint,  and  thereby  increased  the  apparent  reduction. 
Another  tube  was  prepared  to  test  this  by  having  the  oxide  tube 
and  the  capiUary  manometer  entirely  of  one  piece  of  glass.  A 
long  capillary  tube  was  drawn  out  from  the  end  of  an  8-inch  glass 
tube ;  it  was  then  bent  at  a  right  angle  and  turned  in  U-shape,  the 
parallel  arms  close  together;  another  very  short  capillary  was 
drawn  out  close  to  where  the  manometer  capillary  joined  the  main 
tube;  this  short  second  capillary  on  the  same  end  as  the  manometer 
allowed  a  continuous  stream  of  hydrogen  to  pass  without  disturb- 
ance of  the  mercury  in  the  manometer.  This  tube  was  charged 
along  the  bottom  with  silver  oxide,  the  open  end  drawn  out  to  a 
capillary  and  then  placed  in  the  ice  trough  to  acquire  o°. 

A  stream  of  pure  dry  hydrogen  was  passed  for  one  hour,  and 
several  times  the  tube  was  rocked  in  such  a  manner  as  to  bring 
the  mercury  close  up  to  the  short  capillary,  through  which  hydro- 
gen was  passing.  This  accomplished  the  expulsion  of  all  air  in 
the  branch  of  the  manometer  tube  next  the  oxide.  The  capillaries 
at  both  ends  were  sealed  and  the  tube  maintained  at  o**  for  twelve 
days  by  an  abundance  of  ice  and  careful  covering. 

The  amount  of  reduction  day  by  day  was  as  follows : 

mm.  corrected. 

End  of   6  hours 5.6 

"    ••     iday 14.9 

"    *•     2day8 18.3 

**    **     3    **    36.1        During  the  sixth  day  the 

**    •*     4    **   39.0  apparatus  was  placed 

**    *'     5    **    51 .1  out  of  doors,  when  the 

'*    **     7    "    67.9  teipperature    was   20® 

••    *'     8    ••    68.5  below  freezing. 

"    •*     9    "    78.9 

"    "   10    *•    88.8 

"     •*   II    •*    94.5 

**    **   12    ••    107.2 

Auric  oxide,  subjected  to  exactly  similar  treatment  with  hydro- 
gen gas  at  0**,  showed  a  more  rapid  reduction  than  silver  oxide, 
as  the  following  table  will  show. 

mm. 

End  of  6  hours 67.8 

"     "  Iday 73.9 

"     **  2days 66.4 

"     "3    "    73.5 

"     "  4    **    60.0 
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In  all  of  these  tests  the  surface-tension  of  the  mercury  in  the 
capillary  manometer  was  such  that  movement  was  sluggish,  and 
the  tube  needed  frequent  tapping  to  cause  a  readjustment  of  the 
mercury  column. 

REDUCTION  OP  THE  OXIDES  OF  MERCURY  BY  HYDROGEN. 

The  oxide  was  placed  in  a  glass  tube  0.25  inch  inside  diameter, 
bent  at  such  an  angle  that  the  bend  itself  was  1.5  inches  below  the 
surface  of  oil  in  an  oil-bath,  in  which  it  was  heated.  At  first,  on 
passing  the  hydrogen,  the  temperature  was  rapidly  increased  until 
the  oxide  could  clearly  be  seen  to  exhibit  reduction.  A  ther- 
mometer was  hung  in  the  bath  with  its  bulb  close  to  the  bend  of 
the  tube  where  the  oxide  lay.  To  determine  the  lowest  temper- 
ature at  which  six  hours'  contact  with  hydrogen  would  show  re- 
duction, tests  were  made  with  fr^sh  portions  of  oxide  at  each 
interval  of  5°  below  the  temperature  discovered  in  the  above  pno- 
cess,  and  reduction  proved  by  the  vacuum  formed  within  the  tube. 
Each  test  was  as  follows :  The  ends  of  a  glass  tube  0.5  inch  in 
diameter  and  6  inches  long  were  drawn  out  to  capillary  tubes  3 
inches  long.  The  oxide  was  introduced  and  spread  along  the 
bottom  of  the  tube  and  a  large  excess  of  pure  hydrogen  passed 
through.  Both  capillaries  were  sealed  and  bent  upward  to  allow 
of  immersion  in  an  oil-bath  of  moderate  size.  A  constant  temper- 
ature was  maintained  by  a  thermostat,  and  careful  protection  of 
the  flame  and  bath  from  drafts.  Any  reduction  at  the  end  of 
the  six  hours'  heating  revealed  itself  by  a  partial  vacuum  formed 
within  the  tube  when  cooled  to  its  original  temperature. 

To  ascertain  the  presence  of  a  slight  vacuum  and  therefore  of 
the  slightest  reduction  of  the  oxide,  a  manometer  was  used,  con- 
sisting of  two  capillary  glass  tubes  fastened  side  by  side  to  a 
millimeter  scale,  their  lower  ends  joined  by  rubber  tubing.  The 
oxide-tube  to  be  examined  was  connected  by  a  small  rubber  tube 
to  one  arm  of  the  manometer,  i.  e.,  the  capillary  tube,  scratched 
with  a  file  near  the  tip,  was  thrust  into  the  rubber  tube,  the  other 
end  of  which  was  joined  to  one  arm  of  the  manometer.  The  mer- 
cury in  both  arms  was  brought  to  a  level,  the  tip  of  the  oxide  tube 
broken  off  within  the  rubhner  tube,  and  any  partial  vacuum  was  at 
once  revealed  by  a  rise  of  the  mercury  in  the  arm  of  the  manometer 
next  to  the  oxide-tube.  Blank  tests  made  at  different  times  showed 
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the  largest  error  due  to  manipulation  to  be  5  mm.  No  metallic 
oxide  was  regarded  as  showing  reduction  unless  the  corrected 
vacuum  attained  exceeded  5  mm.  The  lowest  temperatures  for 
the  reduction  of  the  oxides  of  mercury  are  as  follows : 

Metcnrous  oxide So®  C. 

Yellow  mercttric  oxide 50*  C,  at  130*  C* 

Red  mercuric  oxide * 115®  C,  at  230®  ' 

REDUCTION  OF  SOME  METALLIC  OXIDES  BY  CARBON  MONOXIDE. 

The  method  consisted  in  passing  pure  dry  carbon  monoxide  over 
the  metallic  oxide  charged  in  a  bent  glass  with  the  bend  immersed 
1.5  inches  below  the  surface  of  the  oil  in  an  oil-bath.  The  ther- 
mometer bulb  was  fixed  close  against  the  bend  of  the  immersed 
tube  where  the  oxide  lay.  A  constant  temperature  at  any  degree 
was  secured  by  a  thermostat,  and  protection  of  the  flame  and  oil- 
bath  from  drafts.  Any  carbon  dioxide  formed  by  reduction  of 
the  metallic  oxide  was  detected  by  passing  the  gas  through  a 
Marchand  tube,  containing  a  solution  of  barium  hydroxide. 

The  carbon  monoxide  was  made  from  coarsely  crushed  potas- 
sium ferrocyanide  and  concentrated  sulphuric  acid.  Raising  the 
temperature  rapidly  until  evolution  of  the  gas  began  and  then 
lowering  the  flame,  gave  perfect  control  of  the  gas,  which  other- 
wise may  be  given  off  tumultuously.  The  gas  was  purified  and 
dried  by  passing  it  through  a  train  consisting  of  two  wash-bottles 
of  solutions  of  sodium  hydroxide  and  one  of  lime-water,  a  tower 
of  calcium  chloride,  and  a  wash-bottle  half-filled  with  phosphorus 
pentoxide.  The  barium  hydroxide  solution,  one-third  the  strength 
of  saturation,  was  shaken  with  barium  carbonate  to  increase  its 
sensitiveness  to  carbon  dioxide.  This  solution  was  found  sensitive 
to  the  carbon  dioxide  in  0.25  liter  of  atmospheric  air,  which  is 
0.075  cc.  Lime-water  was  much  less  sensitive,  requiring  0.7S 
liter  of  atmospheric  air  to  give  an  equal  amount  of  turbidity  in  the 
same  volume  of  liquid.  Efficiency  of  the  purifying  train  was 
proved  by  making  blank  tests  from  time  to  time.  The  Marchand 
tube  containing  the  solution  of  barium  hydroxide  was  protected 
from  backward  diffusion  of  carbon  dioxide  irova  the  air  by  a 
second  Marchand  tube,  charged  like  the  first.  Each  test  was  con- 
tinued for  six  hours,  the  gas  passing  at  the  rate  of  one  to  two 

1  MtiUer:  Pogg.  Ann.,  136.  6a. 
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bubbles  per  second,  the  temperature  kept  constant  during  the  time. 
A  first  test  was  made  sufficiently  high  to  find  where  reduction 
actually  took  place  with  rapidity,  then  successive  tests  at  intervals 
of  5**,  until  no  turbidity  was  shown  by  the  barium  hydroxide  solu- 
tion. In  reductions  by  carbon  monoxide,  a  tendency  clearly  exists 
for  the  carbon  dioxide  formed  to  unite  with  unchanged  oxide  to 
form  carbonate  to  some  extent,  but,  with  an  excess  of  carbon 
monoxide  passing,  this,  it  is  believed,  could  have  but  little  effect 
upon  the  result. 

The  following  shows  reduction  temperatures  for  carbon  monox- 
ide. (Time  of  test,  six  hours.)  Silver  oxide,  o^'C. ;  auric  oxide, 
o*^ ;  mercurous  oxide,  o** ;  yellow  mercuric  oxide,  o** ;  red  mer- 
curic oxide,  95**. 

CONCLUSIONS. 

( 1 )  The  minimum  temperature  of  reduction  of  both  silver  and 
gold  oxide  by  hydrogen  is  much  below  zero,  and  that  for  carbon 
monoxide  lower  than  that  for  hydrogen. 

(2)  Carbon  monoxide  is  a  more  rapid  and  efficient  reducing 
agent  than  hydrogen. 

(3)  The  differences  in  the  temperatures  of  reduction  of  the 
yellow  and  red  oxides  of  mercury  make  them  exhibit  properties 
of  two  different  substances,  and  confirm  the  differences  pre- 
viously found  in  their  behavior  to  chlorine,*  oxalic  acid,*  iodic 
acid,'  and  ammonia.^  Further  work  is  being  done  with  the  oxides 
of  lead  and  copper. 

POLTTBCHNIC  iMSnTXTTK, 

Brooklyn,  N.  Y. 


NOTES. 

Analysis  of  Water  from  Hinton,  West  Virginia. — ^This 
water  is  characterized  by  a  large  content  of  manganese, 
nickel  and  cobalt  salts.  In  many  mineral  waters,  manganese  salts 
are  reported  as  present  in  traces  or  in  comparatively  small  quanti- 
ties, but  in  this  water  the  amount  of  manganese  salts  is  so  large 
that  during  evaporation  a  very  marked  brown  precipitate  of  a 

>  Pelouse :  Compt.  rend.^  16, 50- 

s  MiUoB  :  Ann,  CJUm.  (Uebig).  18.  349- 

*  Rammelsbcrg :  Pogg.  Ann.^  44,  570. 

*  Hirsel :  Ann.  Chem.  (X,t«t»ig),  84,  as8 ;  Weil :  Pogg.  Ann.,  laa,  358. 
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manganese  compound  is  formed,  part  of  which  floats  on  the  sur- 
face of  the  evaporating  water.  This  precipitate  dissolves  on  the 
addition  of  hydrochloric  acid  with  the  evolution  of  chlorine  in  such 
quantity  that  the  evaporation  of  the  acidified  water  to  dryness  can- 
not be  made  in  a  platinum  dish. 

The  relative  quantity  of  manganese  salts  in  this  water  is  greater 
than  that  in  any  of  those  given  in  Peale's^  Mineral  Springs  of  the 
United  States,  while  the  quantity  of  the  nickel  and  cobalt  salts  is 
only  exceeded  by  the  amounts  in  the  waters  of  the  Jordan*  Alum 
and  Rockbridge  Alum  Springs,  Virginia. 

Still  larger  contents  of  manganese,  nickel  and  cobalt  salts  are 
found  in  the  water  of  Roncegno,'  South  Tyrol. 

The  specific  gravity  of  the  Hinton  water  at  i5**-i6**  was  1.007. 

The  weight  of  solids  dried  at  180°  was  1.2836  grams  per  liter, 
or  74.9750  grains  per  U.  S.  gallon. 

The  results  of  the  analysis  were : 

Pans  to  i,ooQ,ooa 

Potassium  (K) 4.6 

Sodium  (Na) 306.7 

Calcium  (Ca) 89.6 

Magnesium  ( Mg) 42.4 

Aluminum  (Al) 1.3 

Iron  ( Fe) 10.5 

Manganese   (Mn) 40.7 

Nickel  and  cobalt  (Ni,  Co) 3.6 

Silicate  ion  (SiOj) 16.0 

Carbonate  ion  (calculated)  (CO,) 109.1 

Chlorine  (CI) 627.2 

^  "51.7 

This  corresponds  to: 

Grams  per  Grains  per 

liter.  U.  S.  gallon. 

Potassium  chloride 0.0087  0.^2 

Sodium  chloride 0.7785  45.4722 

Calcium  chloride 0.1776  10.3736 

Magnesium  chloride 0.0847  4*9473 

Magnesium  carbonate 0.0710  4. 1471 

Alumina ' 0.0034  0.1402 

Silica 0.0138  0.7476 

Ferrous  carbonate 0.03 15  1-2558 

Manganese  carbonate 0.0848  4-9532 

Cobalt  and  nickel  carbonates 0.0073  0.4264 

1.3493  72.971^ 

\V.  G.  Brown. 

>  Bulletin  of  the  United  States  Geologicsl  Survey,  No.  3a. 

*  Loc.  ci/.,  pp.  6a  and  65. 

*  Gl&ser  und  Slalmann  :  Ber.  ^.  ckem.  Ges.,  ai,  1637  and  a879 ;  abstract  in  J.  Gum.  S$c 
(I«ondon),  B4»  796  and  56.  aS. 
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On  the  ' '  Bbckmanm  Rbarrangbmbnt.  '  *  By  Julius  Stiegutz,  Prof esaor 
of  Chemistry  in  the  University  of  Chicago.  Chicago:  University  of 
Chicago  Press.    Price,  25  cents. 

This  is  a  carefully  prepared  monograph  on  the  probable  cause 
and  mechanism  of  the  "Beckmann  Rearrangement/'  which  is  so 
defined  as  to  include  a  varietyofreactionsinwhichanalkyloralphyl 
group  leaves  a  carbon  atom  to  attach  itself  to  a  neighboring  atom 
of  nitrogen,  as  well  as  the  corresponding  rearrangement  in  the 
case  of  oximes.  The  author,  after  arriving  at  the  conclusion  that 
"The  interpretations  of  the  rearrangement  given  by  Hoogewerff 
and  van  Dorp,  Hantsch,  Beckmann,  Hesse,  Freundler,  and  Nef 
do  not  agree  with  all  the  established  facts,"  advances  evidence  in 
support  of  the  view,  that  "All  the  most  important  results  of  the 
investigations  of  the  reaction  from  the  point  of  view  of  the  con- 
stitution of  the  substances  involved,  agree  best  with  an  interpreta- 
tion which  postulates  the  intermediate  formation  of  a  univalent 
nitrogen  derivative  as  the  essential  cause  of  the  rearrangement" 

S.  P.  MULLIKEN. 

The  Analysis  of  Oils  and  Allied  Substances.  By  A.  C.  Wright, 
M.A.,  B.Sc.  New  York :  D.  Van  Nostrand  Co. ;  London  :  Crosby, 
Lockwood  and  Son.    8vo.    Cloth,  241  pp.    Price,  $3.50  net. 

This  book  describes  very  fully  the  various  constituents  of  oils, 
waxes  and  resins  and  also  the  methods  of  the  determination  of  the 
physical  and  chemical  properties  of  these  bodies.  It  discusses 
further  the  treatment  of  the  non-fatty  matters  contained  in  oils 
and  gives  the  means  of  their  identification  and  estimation.  This  is 
followed  by  the  description,  properties  and  methods  of  investiga- 
tion of  the  important  oils,  fats  and  waxes,  some  fifty  in  number. 
The  work  concludes  with  the  examination  of  some  commercial 
products,  as  turkey-red  oils,  lubricating  oils  and  greases,  and  paint 
oils. 

The  treatise,  which  may  be  tersely  described  as  an  abridged 
Lewkowitsch,  is  most  admirable,  and  will  doubtless  replace  it  in 
many  cases.  There  are,  however,  some  statements  which  are  not 
in  accord  with  the  usual  experience,  particularly  that  the  open 
flash  test  of  oils  is  better  than  the  closed.    In  some  instances  the 
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methods  are  not  explained  with  sufficient  clearness ;  one  is  in  donbt, 
for  example,  as  to  the  procedure  to  be  followed  in  the  estimation 
of  free  acid. 

In  view  of  the  fact  that  all  references  are  so  far  as  ''possible  to 
the  Journal  of  the  Society  of  Chemical  Industry,  to  which  prac- 
tically all  chemists  and  students  have  access/'  it  would  seem  to 
be  of  doubtful  expediency  to  introduce  into  this  book  processes 
there  given,  the  results  of  which  are  open  to  question,  sudi  as 
Farnsteiner's  method  for  the  separation  of  oleic  acid.  While  the 
writer  cordially  concurs  in  the  exclusion  of  some  tests — particu- 
larly color  tests — ^yet  he  feels  that  it  was  a  mistake  not  to  have 
included  Mcllhiney's  bromine  test,  one  of  the  most  valuable  in 
the  examination  of  these  compounds.  The  (xnission  of  the  satis- 
factory David's  test  for  rape  seed  oil  is  also  to  be  noted.  No  men- 
tion is  made  of  com  or  peanut  oils,  although  maize  and  earthnut 
oils  are  carefully  described ;  the  treatment  of  linseed  oil  is  particu- 
larly satisfactory. 

Mineral  oils,  except  as  adulterants,  are  not  discussed,  althougfa 
a  description  of  the  flash  and  viscosity  tests  is  given.  The  use- 
fulness of  the  work  would  be  increased  were  the  index  more  com- 
plete. It  is  a  valuable  book  and  may  be  warmly  reconmiended  to 
those  interested  in  the  subject.  A.  H.  Gilu 

A  History  of  Hindu  Chbmistry  from  thk  Barubst  Tncss  to  thb 
MiDDLB  OF  THB  SixTBBNTH  Cbntury  A.  D.  With  Sanskrit  Texts.  v»- 
riants,  translation  and  Illustrations.  By  Praphuixa  Chaxidra  Ray. 
Vol.  I.  London  and  Oxford  :  Williams  and  Norgate.  1902.  pp.  i-iu, 
a-d,  i-lxxix,  1-176,  1-41.    7  plates.    8vo.    Price,  12s,  6d. 

The  author,  who  occupies  the  chair  of  chemistry  in  Presidency 
College,  Calcutta,  has  done  for  Hindu  chemistry  what  Berthelot 
did  a  few  years  ago  for  Greek,  Arabic  and  Syriac  documents  of  the 
Middle  Ages.  His  historical  studies  beg^n  with  the  sacred  books  of 
very  early,  uncertain  dates,  and  extend  to  about  the  year  1550  A.D.; 
the  second  volume  will  probably  bring  the  subject  down  to  the 
present  time.  In  the  Atharva-veda,  the  Charaka  and  the  Susruta, 
occur  the  earliest  references  to  therapeutical  and  chemical  knowl- 
edge, as  well  as  to  pharmaceutical  preparations ;  they  date  probably 
prior  to  the  fifth  century.  In  these  and  succeeding  writings, 
alchemical  ideas  abound,  mixed  up  with  magic,  sorcery,  and 
religious  rites  of  a  debasing  character.     The  chief  of  these  were 
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known  to  the  Arabians  at  an  early  date  and  furnished  them  with  a 
large  part  of  the  chemical  skill  with  which  they  are  usually 
credited. 

Hindu  ideas  concerning  the  constituion  and  properties  of  matter 
resemble  in  many  points  the  philosophy  of  the  early  Greeks,  and  it 
has  been  suggested  that  the  latter  were  influenced  by  Indian 
thought  through  Persia.  Almost  all  the  doctrines  ascribed  to 
Pythagoras,  mathematical,  religious  and  philosophical,  were 
known  in  India  in  the  sixth  century  B.  C. 

The  invention  of  the  processes  of  calcination  and  distillation  is 
ascribed  to  the  renowned  and  venerable  Nagarjuna,  one  of  the 
twenty-seven  alchemists  named  in  the  Rasaratnass^muchchaya,  a 
famous  work  of  the  latro-chemical  period.  Another  philosopher 
in  physical  science  was  Kan&da  who  propounded  a  doctrine 
similar,  in  many  points,  to  the  atomic  theory  of  Democritus ;  his 
anticipations  as  respects  the  propagation  of  sound  and  the  identity 
of  light  and  heat  excite  wonder  and  admiration. 

The  volume  contains  summaries  of  the  knowledge  of  the  ancient 
Hindus  concerning  metals,  salts,  alkalies  (the  "good"  and  the 
''bad''),  and  of  technical  arts  having  a  chemical  basis,  such  as  the 
manufacture  of  calomel,  of  saltpetre,  as  well  as  of  metallurgical 
operations. 

Zinc  was  recognized  as  a  metal  as  early  as  1374  A.  D.,  long  be- 
fore pseudo-Basil  Valentine,  and  Paracelsus. 

The  method  of  treating  the  refuse  and  wastage  of  goldsmith's 
workshops  is  described  and  explained  in  modem  diemical  language. 
The  claim  is  made  that  the  Hindus  knew  how  to  prepare  mineral 
acids  earlier  than  Europeans. 

To  analyze  the  work  more  fully  in  the  space  that  can  be  given 
is  impossible;  the  whole  book  shows  the  emdition  and  careful 
study  of  an  accomplished  scholar,  not  only  in  chemistry  but  in 
Sanskrit  as  well,  citations  being  given  in  this  language. 

An  appendix  contains  several  full  page  plates  of  furnaces, 
copper  smelting,  alum  manufacture,  etc. ;  also  41  pages  of  Sanskrit 
texts  and  two  indexes,  one  to  proper  names  and  one  to  subjects 
[but  why  separated?]. 

The  book  bears  internal  evidence  of  having  been  printed  in  Cal- 
cutta, with  clear  type  and  on  good  paper.  The  second  volume 
will  be  awaited  with  interest,  and  the  two  will  form  the  standard 
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monograph  on  Hindu  chemistry  that  will  be  indispensable  in  every 
library.  Henry  Carrington  Bolton. 

The  Testing  of  Chbmtcai,  Rbagbnts  for  Purity.  By  Dr.  C.  Kraucb, 
chemist  to  the  firm  of  E.  Merck,  Darmstadt.  Authorized  tranaUtioo  <d 
the  Third  Edition  by  J.  A.  Witi^iAMSON  and  L.  W.  Dupr&.  Witk 
additions  and  emendations  by  the  author.  London :  Madaren  &  Sobs  ; 
New  York  :  D.  Van  Nostrand  Co.    350  pp.     1903.    Price,  $4.50  net. 

To  prescribe  a  series  of  tests  of  chemical  reagents  which  sboold 
be  sufficiently  detailed  to  cover  their  use  in  all  sorts  of  highly 
specialized  cases  would  be  well-nigh  impossible.  The  general  and 
many  of  the  special  applications  of  the  inorganic  reagents  and  of 
such  organic  substances  as  are  employed  as  solvents,  indicators,  or 
for  special  tests  are,  however,  well  provided  for  in  the  material 
which  Dr.  Krauch  has  compiled  from  various  sources,  and  to 
which  he  has  added  the  results  of  his  own  experience.  For  each 
substance  the  Latin  name,  symbol,  molecular  weight,  and  a  brief 
description  are  given,  and  these  are  followed  by  discussions  of  the 
tests  for  impurities,  the  methods  of  quantitative  estimation,  the 
uses  of  the  reagent,  precautions  to  be  observed  in  connection  with 
its  storage,  and  a  description  of  its  commercial  varieties.  An  ap- 
pendix includes  the  preparation  of  ordinary  reagents  and  of  nor- 
mal solutions,  a  discussion  of  reagents  and  reactions  in  general, 
and  a  table  of  atomic  weights  [which,  however,  bears  the  date. 
1890]. 

The  translation  seems  to  have  been  faithfully  carried  out.  It 
may  be  questioned  whether  it  would  not  have  been  preferable  to 
add  the  references  to  English  works  and  journals  to  those  in 
other  languages,  rather  than  to  substitute  them,  since  the  reader 
may  often  prefer  to  consult  the  original  papers.  The  Lunge  and 
Isler  table  for  the  strength  of  sulphuric  acid  at  various  densities  is 
stated  on  page  309  to  be  more  reliable  than  that  of  Kolb  and  it 
would  seem  that  it  should  replace  the  latter  table  in  this  work. 

To  many  who  have  found  the  German  edition  of  Dr.  Krauch  *s 
book  a  valuable  assistance,  this  translation  will  need  no  endorse- 
ment ;  to  others  it  can  be  recommended  as  a  guide  in  determining 
the  extent  to  which  freedom  from  impurities  in  reagents  may  rea- 
sonably be  expected,  and  in  the  selection  of  methods  of  testing. 

H.  P.  T. 
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XrRAD  AND  ITS  COMPOUNDS.  Bv  Thomas  Lambbrt.  London:  Scott, 
Greenwood  &  Co. ;  New  .York  :  D.  Van  Noetrand  Co.  1902.  228  pp. 
Price.  13.50. 

Some  seventy  pages  of  this  book  are  taken  up  with  a  description 
of  the  dressing  of  lead  ores  and  the  metallurgy  of  lead. 

A  chapter  on  lead  oxides  and  their  manufacture  follows,  and 
fifteen  pages  are  devoted  to  substitutes  for  white  lead.  A  brief 
account  of  the  metallurgy  of  zinc  follows,  including  a  description 
of  compounds  used  as  pigments,  and  of  pumice  stone,  china 
clay,  etc. 

Drying  oils,  siccatives  and  turpentine  are  briefly  discussed.  A 
classification  of  mineral  pigments  and  a  chapter  on  the  analysis  of 
raw  and  finished  products  close  the  book.  The  tables  at  the  end 
are  of  little  moment. 

Inasmuch  as  this  book  contains  nothing  which  is  not  more  fully 
and  authoritatively  treated  in  other  easily  accessible  works,  it  can 
be  of  little  use  to  the  American  chemist  or  metallurgist,  but  is 
evidently  designed  t6  contain  general  information  of  interest  to 
those  engaged  in  the  manufacture  of  paint  from  lead  and  zinc 
compounds.  Wm.  Hoskins. 

Tbsts  and  Reagents,  Chemical  and  Microscopical,  Known  by  Their 
Authors*  Names,  together  with  an  Index  of  Subjects.  By  Alfred  I. 
CoHN,  Ph.G.  New  York :  John  Wiley  &  Sons.  1903.  8vo.  Cloth. 
353  pp.    Price.  I3.00. 

The  object  of  this  book,  as  stated  by  its  author,  is  "To  supply 
the  busy  chemist,  microscopist,  and  pharmacist  with  data  which 
are  frequently  desired,  but  which  are  often  not  at  hand  or  are  in- 
accessible." The  tests  and  reagents  are  arranged  alphabetically 
under  the  names  of  their  originators.  Their  number  is  estimated 
to  be  not  far  from  2,500.  The  descriptions  are  necessarily  all  very 
-compact,  but  the  work  of  condensation  has  been  well  done — a  fact 
which  in  a  measure  compensates  for  the  usual  omission  of  biblio- 
graphical references. 

The  following  selected  topics  will  serve  to  illustrate  the  nature 
of  the  matter  abstracted :  Hager,  "Test  for  Dextrine  in  Acacia" ; 
Halphen,  "Cottonseed  Oil";  Hammersten,  "Indican  in  Urine"; 
Haug,  "Decalcification  Solution" ;  Hefelmann-Mann,  "Fluorine  in 
Beer" ;  Hayem,  "Solution  for  Fixing  Blood  Corpuscles." 

The  book  is  especially  complete  in  its  list  of  tests  and  reagents 
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employed  in  pharmaceutical  and  medico-chemical  practice,  hat 
contains  much  to  make  it  a  useful  addition  to  the  library  of  any 
analyst.  Its  value  is  greatly  enhanced  by  the  addition  of  the  alpha- 
betical subject  index.  S.  P.  Muujken. 

VORI«BSUNGBN  tJBBR  ThBORBTISCHB  UND  PHYSZKAI^ISCU  CBXMIK.     VOV 

J.  H.  VAN*T  HoFF.  Zweites  Heft.  Die  Chemische  Sutik.  Zwdtt 
Auflage.  Braunschweig:  Priedr.  Vieweg  und  Sohn.  Ladenprcii, 
geheftet,  Mk.  4. 

The  second  edition  of  the  second  part  of  this  set  of  lectures  dif- 
fers very  slightly  from  the  first  edition,  the  differences  beii^ 
mainly  in  choice  of  illustrative  examples  cited  in  the  text,  for whidi 
recognition  of  more  recent  work  calls,  and  in  the  increased  number 
of  references.  The  chapter  on  solid  solutions  is  the  most  con- 
spicuous in  both  respects.  A  few  t3^ographical  slips  occur  in  the 
second  edition  which  do  not  appear  in  the  first,  and  curiously 
enough  the  second  edition  omits  the  references  to  Bninis'  work 
(pages  68  and  70)  menticKied  in  the  text,  though  the  reference  is 
given  in  the  first  edition.  The  leading  of  the  tables  in  the  second 
edition  seems  to  be  an  improvement,  and  the  press  work  as  a  whole 
is  quite  satisfactory.  The  few  changes  made  in  this  new  edition 
of  a  well-known  work  do  not  justify  any  extended  or  detailed 
notice,  but  the  opportunity  can  not  be  passed  of  insisting  upon 
the  great  value  of  this  work  to  the  general  chemist. 

Considering  chemical  statics  under  the  three  ^general 
headings,  Molecular  Weights,  Molecular  Structure,  and 
Molecular  Grouping,  the  author  has  discussed  the  mod- 
em theory  of  solutions,  gaseous,  liquid  and  solid,  stereochemistry, 
and  physical  crystallography,  subjects  usually  treated  as  widely 
variant  in  character,  and  with  but  incidental  points  of  contact,  but 
which  are  here  brought  into  a  comprehensive  whcrfe.  There  arc 
probably  few  indeed  who  will  not  find  their  mental  horizon  con- 
siderably widened  by  the  careful  reading  of  this  volume,  and  with 
its  two  companion  ones  on  ^'Chemical  Dynamics"  and  "The  Rela- 
tions between  Properties  and  Composition"  it  should  well  repay  an 
occasional  re-reading.  Frank  K.  Camekok. 

BirBMENTs  OP  Physics.    By  Ernest  J.  Andrews  and  H.  N.  HowXpAKD. 
With  Manual  of  Experiments.    New  York  :  The  Macmillan  Company. 
1903.    Price,  |i.io  net. 
The  general  plan  of  this  new  addition  to  the  large  number  of 
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elementary  texts  on  physics  is  "to  eliminate  a  few  subjects  which 
have  no  practical  bearing,  and  the  relations  of  which  to  the  funda- 
mentals cannot  well  be  made  apparent ;  to  present  difficult  subjects 
fully  and  in  simple  terms ;  and  to  connect  each  subject,  (Hrectly  or 
indirectly,  with  every  other  by  fundamental  principles  or  their 
corollaries." 

This  plan  has  been  carefully  and  conscientiously  followed  and 
the  resulting!:  book  is  on  the  whole  to  be  recommended.  The 
iveakest  part  is  the  "Manual  of  Experiments,"  but  as  most  schools 
use  a  separate  manual,  this  cannot  be  accounted  a  serious  defect. 

C.  E.  LiNEBARGER. 

A  Trxt-Book  of  Organic  Chemistry.    By  Dr.  A.  P.  Holleman.   Trans- 
lated from  the  Second  Dutch  Edition  by  A.  Jamisson  Walkbr,  Ph.D., 
assisted  by  Owbn  E>  Mott,  Ph.D.,  and  with  the  cooperation  of  the 
author.    New  York  :  John  Wiley  &  Sons.     1903.     72  figures.    Cloth. 
8vo.    xvii  -I-  555  pp.    Price,  I2.50. 
The  purpose  of  the  author  is  to  bring  out  distinctly  the  under- 
lying principles  upon  which  the  division  of  the  subject  is  based,  the 
experimental  proof  for  the  constitutional  formulas  assigned,  the 
bearing  of  physico-chemical  theories  upon  the  problems  of  organic 
chemistry,  and  the  like,  rather  than  to  describe  a  large  number  of 
compounds  or  record  a  confusing  mass  of  isolated  facts;  in  a 
word,  to  provide  a  text-book  which  should  pve  a  clear  presenta- 
tion of  the  theoretical  aspects  of  organic  chemistry,  rather  than  a 
condensed  "Beilstein.*'    The  author's  purpose  has  been  carried  out 
with  very  satisfactory  results  in  the  present  work,  an  excellent 
text-book,  widely  and  favorably  known,  this  new  edition  being  as 
nearly  up-to-date  as  can  reasonably  be  expected  of  apy  text-book. 
A  second  German  edition  has  already  appeared  of  the  work,  and 
an  Italian  translation  is  in  preparation ;  English-speaking  students 
will  therefore  be  grateful  to  Messrs.  Walker  and  Owen  for  this 
translation  of  the  latest  Dutch  edition.    The  publishers'  work  is 
well  done,  the  book  being  gotten  up  in  very  attractive  form,  clearly 
printed  on  good  paper.  Marston  T.  Bocert. 

Sidbrology:  Thb  Constitution  op  Iron  Alloys  and  Slags.    By 

Hanns  Prbihbrr  von  Juptnbr.    Translated  from  the  German  by 

Cbarlbs  Saltbr.    London  :  Scott  Greenwood  &  Co. ;  New  York :  D. 

Van  Nostrand  Co.    1902.    viii  +  344  pp.    Price,  $5.00. 

The  original  edition  of  this  book  has  been  reviewed  in  this. 
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Journal  (as,  117)  ;  in  the  present  review  we  shall  speak  only  of 
the  translation.  The  translator  has  proved  the  exception  to  all 
rules,  and  has  omitted  a  preface  of  his  own.  Perhaps  under  die 
circumstances  it  would  be  well  to  be  charitable,  and  foi^ve  some 
of  the  faults  of  the  book,-  inasmuch  as  we  are  not  informed  of  tbe 
conditions  under  which  it  has  been  produced.  It  is  impossible, 
however,  not  to  mention  S9me  of  them. 

The  translation  is  similar  to  the  original  in  all  respects,  with  the 
single  exception  of  the  valuable  bibliography  which  appeared  at 
the  end  of  the  original.  This  has  unfortunately  been  omitted  in 
the  translation.  In  the  second  volume  the  author  included  much 
valuable  material  on  the  application  of  the  phase  rule  to  the  equi- 
librium phenomena  of  iron  and  carbon,  which  had  been  published 
by  Roozeboom,  Le  Chatelier,  and  others  after  the  first  volume  had 
appeared.  As  this  will,  ultimately,  be  included  as  part  of  the  first 
volume  by  Jiiptner,  it  seems  a  great  pity  that  the  translator  did  npt 
see  fit  to  incorporate  it  in  its  proper  place. 

On  reading  carefully  through  the  book  one  is  confronted  by 
many  inaccuracies,  either  original  or  copied  from  the  German  edi- 
tion, which  seems  to  indicate  that  the  translator  has  not  broogbt 
that  love  of  duty,  and  knowledge  of  his  subject  to  his  aid  which 
would  provide  a  translation  worthy  of  the  original.  It  would  be 
idle  to  mention  all  of  the  mistakes  noticed,  but  some  of  the  most 
striking  will  be  referred  to. 

In  regard  to  proper  names,  we  find  on  page  10,  Gouthrie,  whidi 
should  read  Guthrie,  copied  from  the  original ;  on  page  86,  Sorby 
reads  Storby ;  and  E.  D.  Campbell  appears  in  several  places  bear- 
ing the  initials  E.  W.  The  terms  inter-crystalline  and  inter-granu- 
lar which  originated  with  Stead  in  England,  reappear  in  Hnglidi 
as  iw^ra-crystalline  and  tn^r a-granular ;  crystallites  become  crystal- 
liths.  In  the  text  the  spelling  pearlite  is  used,  while  the  German 
perlite  is  used  to  designate  the  micrographs  of  this  constituent 

The  translation  of  some  of  the  German  words  is  particularly 
unhappy.  Speaking  of  boring  steel  under  water  to  ccdlect  the 
gases,  anbohren  is  translated  broached;  uebergiesst  as  suffuses; 
zerhacktes  as  hacked-about ;  Glimmer  ahnlich  Blattchen  as 
scales  analogous  to  mica ;  gedacht,  as  imagined;  Bestandtheile,  as 
compound.    Many  other  such  mistakes  are  noticed. 
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It  is  to  be  regretted  that  so  many  evidences  of  carelessness  are 
noticeable,  but  even  with  these  the  book  is  sure  to  be  welcomed  by 
those  who  are  unable  to  read  the  original,  and  who  are  interested 
in  the  scientific  treatment  of  the  constitution  of  iron  and  its  alloys. 
The  book  comes  from  the  press  in  very  attractive  form,  but  the  re- 
viewer can  see  no  reason  why  the  reader  should  be  forced  to  accept 
with  it  thirty-five  pages  of  advertising  matter.  Henry  Fay. 

Physico-Chbmicai*  Tabucs  for  tbk  Use  of  Analysts,  Physicists,  Chbii- 
iCAi*  Mahupacturers  and  Scientific  Chemists.  By  John  Casteix- 
BvANS,  P.I.C.,  P.C.S.,  Superintendent  of  the  Chemical  Laboratories  and 
Lecturer  on  Inorganic  Chemistry  and  Metallurgy,  at  the  Finabury  Tech- 
nical College.  Volume  I,  Chemical  Engineering  and  Physical  Chemis- 
try. London  :  Charles  Griffin  and  Co.,  Lim.;  Philadelphia  :  J.  B. 
Lippincott  Co.    1902.    xzzii  +  548  pp.    Price,  |8.oo. 

This  volume  contains  not  only  what  its  title  in  the  narrower 
sense  denotes — ^the  physical  constants  of  cheriiical  substances,  but 
also  the  values  of  various  mathematical  functions  and  of  the  rela- 
tions of  units  in  diflferent  systems,  data  pertaining  to  materials 
used  in  construction,  and  tables  of  many  original  calculations  made 
by  the  author  with  the  purpose  of  facilitating  reductions  and  cor- 
rections and  avoiding  interpolations  or  calculations  from  empirical 
formulas.  Most  of  the  important  quantities  are  expressed  both 
in  English  and  in  metric  units.  The  principal  physico-chemical 
constants  included  in  this  volume  are  specific  volumes  and  gravities 
and  heat-expansions ;  specific  heat-capacities  and  heats  of  fusion, 
vaporization,  and  solution;  compressibilities;  vapor-pressures; 
boiling-points,  and  melting-points. 

The  two  most  striking  defects  of  the  book  revealed  by  a  cursory 
examination  are  the  absence  of  references  to  the  original  literature 
and  the  utter  disregard  of  the  significance  of  figures ;  thus  in  the 
mathematical  tables  many  functions  are  given  with  three  to  seven 
more  digits  than  the  corresponding  argument,  and  in  the  physical 
tablescompressibility-coefficientsaregiven  with  three  or  four  figures 
when  the  unit  is  the  atmospheric,  with  seven  when  the  unit  is  the 
kilo  per  square  millimeter  or  the  ton  per  square  inch,  and  specific 
heat-capacities  and  vapor-pressures  are  given  with  six  figures, 
though  the  results  of  different  investigators  vary  greatly  in  the 
fourth  figure,  etc. 

In  spite  of  these  defects  the  book  contains  an  enormous  mass  of  data 
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within  a  small  compass  and  in  a  form  ready  for  practical  ase,andit 
may  therefore  prove  of  considerable  valueto industrial  diemistsand 
to  chemical  engineers.  Scientific  workers,  however,  will  undoubt- 
edly still  prefer  to  utilize  the  original  values  of  physico-chemiol 
constants  so  well  reproduced  in  Landolt  and  Bomstein*s  Tabdlcn, 
and  to  obtain  mathematical  functions  from  some  work,  like  Hot- 
man's  excellent  Computation  Rules  and  Logarithms,  devoted 
especially  to  them.  A.  A.  Noye& 

Akmuairk  pour  l' An  1903,  pubub  par  z,b  Bureau  dbs  JjonortuagL 
Paris :  Gftuthier-Villan.    24010.  666  +  96  pp.    Price,  i  fr.  sa 

One-half  this  annual  is  occupied  by  astronomical  data,  one- 
quarter  by  diverse  information  of  the  nature  of  a  newspaper 
almanac,  and  the  last  quarter  by  miscellaneous  physical  and  diem- 
ical  tables.  The  latter  are  either  so  incomplete  or  so  antiquated 
in  their  data  as  to  be  in  most  cases  no  better  than  none  at  alL 
Even  in  a  table  of  gaseous  densities  contributed  by  Berthdot,  are 
to  be  found  such  serious  mistakes  as  mercury  and  cadmium  vapors 
being  given  the  formulae  Hg,  and  Cd,.  Cheap  book — ^unrdiabk 
information,  at  least  as  far  as  the  physical  and  chemical  tables  are 
concerned.  J.  W.  Richards. 

A  Catalogub  of  tbb  Library  op  thb  Crbmical  Sooxtv  [op  Lohixbi]. 
Arranged  according  to  anthort  with  a  snbject-indez.  London :  1903- 
lamo.  324  pp. 

This  excellently  printed  volume  shows  on  every  page  due  care 
in  its  preparation,  will  admirably  serve  the  purpose  for  which  it 
has  been  compiled,  and  will  prove  useful  to  all  interested  in  the 
bibliography  and  history  of  chemistry.  Those  handling  it  should 
bear  in  mind  that  it  is  a  catalogue  of  the  books  in  a  given  placf 
and  not  a  bibliography,  and  the  absence  of  a  book  of  intrinsic 
merit  must  not  be  criticized.  To  condemn  a  catalogue  fcM*  its 
omissions  is  hardly  just,  when  all  the  compiler  can  do  is  to  include 
the  txx^s  on  the  shelves  of  the  library  even  though  he  may  feel 
the  need  of  certain  volumes  more  keenly  than  the  members  of  the 
Society  themselves  do. 

The  compiler  of  this  volume,  Mr.  Robert  Steele,  deserves  Ae 
thanks  of  all  chemists  and  librarians. 

Henry  Carrincton  Bolton. 
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COUNCIL. 

The  Council  has  approved  the  establishment  of  a  local  section 
to  embrace  the  territory  covered  by  a  ten-mile  radius  from 
Cornell  University,  Ithaca,  N.  Y.,  with  headquarters  at  -Cornell 
University,  to  be  known  as  the  Cornell  Council. 
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Goodell,  Joseph  E.,  3132  Broadway,  New  York  City. 

Gray,  Geoffrey  A.,  3  So.  Auburn  Ave.,  Cincinnati,  O. 
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Lenk,  Walter  S.,  205  Dryden  Road,  Ithaca,  N.  Y. 
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Lindmueller,  Charles,  Ohio  Fanners'  Fertilizer  Co.,  Co- 
lumbus, O. 

Meyer.  Franz,  68  Broad  St.,  New  York  City. 

Miller,  Erwin  H.,  3504'/,  Vermont  Ave.,  Los  Angeles,  Cal. 

Miller,  J.  Strother,  Jr.,  409  B  St.,  N.  E.,  Washington.  D.  C. 

Mitchell,  Frank  H.,  Orono,  Me. 

Patten,  Harrison  E.,  1109  University  Ave.,  Madison,  Wis. 

Plath,  Dr.  Gottfried,  Sophienstrasse  8-lf.,  Charlottenborg- 
Berlin,  Germany. 

Popper,  Edwin,  260  W.  93rd  St.,  New  York  City. 

Schreiner,  Oswald,  Delavan,  Wis. 

Stehman,  John  V.  R.,  Birdsboro,  Berks  Co.,  Pa. 

Tilkie,  Charles  M..  Peter  Cooper  Glue  Factory.  Brooklyn,  N.Y. 

Vivian.  Alfred,  244  W.  loth  Ave.,  Columbus,  O. 

Wilson,  Elbert  S.,  306  E.  Yates  St.,  Ithaca,  N.  Y. 

Winter,  Frank  C,  636  W.  Adams  St.,  Los  Angeles,  Cal. 

Wright,  Charles  E.,  Platteville,  Wis. 

CHANGES  OP  ADDRESS. 

Archibald,  E.  H.,  Macdonald  Chem.  Bldg.,  McGill  Univ.. 
Montreal.  Canada. 

Arnold,  Fred.  N.,  Jr.,  The  N.  K.  Fairbank  Co.,  225  E.  19th 
St.,  Chicago,  111. 

Burck,  C.  A.,  lola  Portland  Cem.  Co.,  lola.  Kans. 

Chace,  E.  M.,  Bureau  of  Chem.,  Dept.  of  Agr.,  Washington, 
D.  C. 

Cook,  A.  D.,  706  W.  Green  St..  Urbana,  III. 

Dalton,  N.  N.,  2451  Michigan  Ave..  Chicago. 

Dean,  John  G.,  International  Portland  Cement  Co.,  Toronto, 
Ontario. 

Fell,  J.  William,  117  Chestnut  St..  Ashville,  N.  C. 

Flintermann,  R.  F.,  2627  No.  Ashland  Ave.,  Chicago. 

Fox.  H.  W..  U.  S.  R.  &  R.  Co.,  Colorado  Plant,  Colorado 
Springs,  Colo. 

Grabfield,  Joseph  P.,  care  of  Jacob  GrabSeld,  238  Franklin  St., 
Chicago.  111. 

Hall,  Elmon  L.,  1613  Gough  St.,  San  Francisco,  Cal. 

Hartzell,  L.  J.,  729  W.  Quartz  St.,  Butte,  Mont. 

Herty,  Chas.  H.,  care  Bureau  of  Forestry,  Washington,  D.  C. 

Jackson,  H.  A.,  Columbia  Univ.,  New  York  City. 

JefiFerson,  (Miss)  Alice  M.,  to  Mrs.  Henri  Guest  Scott,  The 
Pequot,  13th  and  Pine  Sts..  Philadelphia.  Pa. 

Jessup,  Alfred  E.,  care  of  U.  S.  Consul,  Tientsin.  China. 

Johnson,  Edward  M.,  Cherokee  Lanyon  Spelter  Co..  lola, 
Kans. 

Johnson.  G.  A.,  Little  Falls,  N,  J. 


(3) 

Jones,  Arthur  B.,  McKeesport,  Pa. 
Lambom,  L.  L.,  134  Willoughby  Ave.,  Brooklyn,  N.  Y. 
LeBosquet,  M.,  156  Tremont  St.,  Boston,  Mass. 
Lustig,  A.  L.,  Box  827,  Providence,  R.  I. 
Perkins,  T.  S..  39  Garden  PL,  Brooklyn,  N.  Y.  ^ 
Pretzfeld,  Charles  J.,  Box  305,  Niagara  Falls,  N.  Y. 
Richardson,  Dr.  C.  H.,  Dartmouth  Coll.,  Hanover,  N.  H. 
Roberts,  Alfred  E.,  81  Beach  St.,  N.  Y.  City. 
Schiedt,  R.  C,  1043  Wheatland  Ave.,  Lancaster,  Pa. 
Schooumaker,  H.,  La  Democrata  de  Cananea,  Sonora,  Mexico, 
Apartado  28. 

Smith,  Francis  P.,  20-21  Queenhithe,  London,  E.  C,  England. 

Stoddart,  Chas.  W.,  246  Equitable  Bldg.,  Denver,  Colo. 

Thayer,  Harry  S.,  Greeley,  Colo. 

Townsend,  C.  P.,  National  Union  Bldg.,  Washington,  D.  C. 

Van  Brunt,  Charles,  124  E.  28th  St.,  N.  Y.  City. 

Young.  E.  H.,  Hartline.  Wash. 

MEETINGS  OF  THE  SECTIONS. 

NORTH  EASTERN  SECTION. 

The  regular  meeting  of  the  North  Eastern  Section  of  the 
American  Chemical  Society  was  held  Saturday,  November  29th, 
at  Room  22,  Walker  Building,  Massachusetts  Institute  of 
Technology. 

Mr.  Francis  FitzGerald,  ol  the  International  Graphite  Company 
of  Niagara  Falls,  addressed  the  Society  on  "  The  Acheson  Fur- 
nace and  Its  Products,"  describing  the  processes  and  apparatus 
used  by  the  company  in  the  manufacture  of  carborundum  and 
graphite. 

The  following  officers  for  the  ensuing   year  were  elected 
/VwmT^//— Augustus  H.  Gill ;    Vtce-Presiden/— Henry  Howard 
Secreiary— Arthur  M.  Comey  ;  .  Treasurer — B.    F.    Davenport 
Executive  Committee—^,  P.  Williams,  G.  P.  Baxter,  B.  S.  Meri- 
gold,  H.  C.   Lythgoe,  Henry  Fay  ;    Members  of  the  Council— 
H.  P.  Talbot,  L.  P.  Kinnicutt,  C.  L.  Parsons. 

ARTHUR  M.  COKBT,  Secretary. 
WASHINGTON  SECTION. 

The  137th  regular  meeting  was  called  to  order  at  8.10  p.m., 
November  13,  1902. 

The  following  program  was  presented  : 
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H.  Carrington  Bolton,  ''A  Chapter  in  the  History  of  the  Ba- 
rometer." 

P.  K.  Cameron  and  J.   F.  Breazeale,  "The  Estimation  of  Or- 
ganic Matter^in  Soils.'* 

The  authors  point  out  objections  to  the  loss  on  ignition  and 
humus  methods,  and  conclude  that  it  is  safer  to  use  acombastioa 
method,  even  though  it  involves  some  arbitrary  factor  such  as 
the  well-known  figure  0.471  proposed  by  von  Bemmelen,  Wolff, 
Wollny,  and  others.  They  have  found  that  rapid  and  satisfactory 
combustions  can  be  made  in  a  moist  way  by  mixing  the  dry  soil 
with  an  equal  weight  of  potassium  bichromate,  and  then  gradn- 
ally  adding  pure  water- free  sulphuric  acid.  The  mixture  is  then 
cautiously  heated  until  the  sulphuric  acid  begins  to  fume.  The 
operation  is  carried  on  in  an  apparatus  consisting  of  a  flask  with 
appropriate  connections  and  a  series  of  bulbs  to  catch  the  carbon 
dioxide  generated.  A  current  of  air  free  from  carbon  dioxide  is 
aspirated  through  the  apparatus  during  the  operation,  and  pre- 
cautions are  taken  to  prevent  chlorine,  hydrocUoric  acid,  sulphm- 
dioxide,  etc.,  from  reaching  the  potash  bulbs,  which  are  to  be 
weighed.  It  was  explained  how  this  wet  combustion  method  is 
free  from  objections  which  have  been  urged  against  similar  pro- 
cedures hitherto  proposed,  and  experimental  evidence  was  adduced 
to  show  that  satisfactory  results  could  be  obtained  when  working 
with  known  organic  compounds.  Inherent  difficulties  in  dry  com- 
bustions, when  working  with  soils,  disappear  in  this  wet  combus- 
tion method  as  experimental  evidence  showed.  The  method  is 
fairly  rapid,  two  men  working  together  in  a  day  of  seven  hours 
averaging  twelve  to  fourteen  determinations. 

I,.  S.  If  UirsON.  5«crtf«r7* 
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MINUTES  OP  THE  TWENTY-SEVENTH  GENERAL 

MEETING  OP  THE  AMERICAN  CHEM. 

ICAL  SOCIETY. 

The  twenty-seventh  meeting  of  the  American  Chemical  Society 
was  held  in  the  Medical  School  building  of  Columbian  University, 
Washington,  D.  C,  December  29  and  30,  1902.  The  first  session 
was  called  to  order  by  the  president,  at  1145  a.m.,  Monday, 
December  29th. 

The  minutes  of  the  previous  meeting  were  adopted  as  recorded 
by  the  secretary. 

The  secretary  read  to  the  Society  a  letter  from  Sir  Henry  E. 
Roscoe,  expressing  regret  at  his  inability  to  attend  the  meeting, 
and  expressing  also  his  high  appreciation  of  the  character  and 
work  of  the  American  Chemical  Society. 

The  secretary  also  exhibited  a  book  on  ''Dalton's  Atomic 
Theory"  by  Messrs.  Roscoe  and  Harden,  which  Professor  Roscoe 
had  sent  as  a  contribution  to  the  library  of  the  Society.  The 
Society,  through  its  president,  instructed  the  secretary  to  send  a 
suitable  reply  of  appreciation  and  thanks  to  Professor  Roscoe. 

Dr.  E.  A.  de  Schweinitz,  dean  of  the  Medical  School  of  Colirni- 
bian  University^  addressed  a  few  words  of  cordial  welcome  to  the 
visiting  chemists,  and  the  regular  program  of  papers  was  then 
taken  up. 

The  first  paper  was  by  Dr.  E.  A.  de  Schweinitz,  on  "Some  of 
the  Work  of  the  Bio-Chemic  Division,  Department  of  Agri- 
culture." This  paper  was  discussed  by  Messrs.  Long  and  de 
Sdiweinitz. 

The  next  paper  was  by  A.  H.  Gill.  Subject,  "Docs  Cholesterol 
Occur  in  Com  Oil  ?"  This  was  read  by  the  author  and  followed 
by  a  paper  on  "Miley's  Colour  Photography",  by  W.  G.  Brown. 
The  latter  paper  was  discussed  by  Messrs.  Baekeland,  Brown,  and 
Long. 
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The  morning  session  of  the  Society  was  then  adjourned. 

In  the  afternoon  the  chemists  visited  the  liquid  air  plant  at  the 
terminus  of  the  Seventh  Street  Railway.  In  the  evening,  at  the 
conclusion  of  the  address  of  Professor  Hall  before  the  American 
Association  for  the  Advancement  of  Science,  the  Council  of  the 
American  Chemical  Society  met  in  the  Columbian  University 
Medical  School. 

TUESDAY,  DBCEMBER  30. 

The  meeting  of  the  Society  was  called  to  order  at  9.30  a.  m.  by 
the  secretary,  in  the  absence  of  the  president,  who  was  engaged  in 
official  duties  as  president  of-  the  American  Association  for  the 
Advancement  of  Science.  Vice-President  H.  A.  Weber  was 
called  to  the  chair.  The  following  papers  were  presented  and 
discussed : 

1.  "The  Composition  of  Fresh  and  Canned  Pineapples,"  by 
L.  S.  Munson  and  L.  M.  Tolman. 

2.  "Chemical  Composition  of  Some  Tropical  Fruits  and  Fruit 
Products,  by  E.  M.  Chace,  L.  S.  Munson  and  L.  M.  Tolman. 

3.  "The  Composition  of  Renovated  or  Process  Butter,"  by  C. 
A.  Crampton. 

4.  "Nature  of  the  Work  of  the  Bureau  of  Chemistry,  Depart- 
ment of  Agriculture,"  by  H.  W.  Wiley. 

5.  "The  Composition  of  Spirits  Produced  from  Grain,  and  the 
Changes  Undergone  by  the  Same  when  Stored  in  Wooden  Pack- 
ages," by  C.  A.  Crampton. 

6.  "Iodine  Absorption  of  Oils :  Comparison  of  Methods,"  by 
L.  M.  Tolman  and  L.  S.  Munson. 

7.  "The  Relation  of  the  Specific  Gravity  of  Urine  to  die  Solids 
Present,"  by  John  H.  Long. 

8.  "Derivatives  of  Isoapiol  and  Isosafrol,"  by  F.  J.  Pond ;  read 
by  title. 

9.  "Some  Double  Salts  of  Organic  Acids,"  by  James  Lewis 
Howe. 

At  the  conclusion  of  this  part  of  the  program,  the  annual  re- 
ports of  the  secretary,  treasurer  and  librarian  were  presented  and 
ordered  on  file. 

Dr.  W.  A.  Noyes  presented  an  oral  report  as  editor,  and  also  as 
chairman  of  the  Committee  on  Papers  and  Publications. 

President  Remsen  announced  as  a  result  of  the  annual  election 
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that  J.  H.  Long  had  been  elected  president  of  the  Society  for  the 
year  1903,  and  the  following  named  persons  councillors,  to  serve 
three  years  beginning  January  i,  1903:  Messrs.  Albert  C.  Hale, 
F.  P.  Venable,  J.  W.  Richards,  and  L.  P.  Kinnicutt. 

Dr.  Hillebrand  read  the  following  communication  and  made 
some  remarks  upon  the  same : 

Thorn  Smith,  chemist  for  the  Ducktown  Sulphur,  Copper  and 
Iron  Company,  Limited,  of  Isabella,  Tennessee,  sent  out,  a  year 
stgo,  40  samples  of  copper  slag  for  a  practically  complete  analysis. 
Analytical  data  were  received  from  over  20  chemists  in  various 
parts  of  the  world  and  these  results,  together  with  appropriate 
criticisms,  will  shortly  appear  in  the  Engineering  and  Mming 
Journal  Another  review,  prepared  by  Dr.  Clifford  Richardson, 
of  Long  Island  City,  New  York,  and  Dr.  W.  F.  Hillebrand,  of  the 
United  States  Geological  Survey,  will  appear  in  an  early  issue  of 
the  Journal  of  the  Society  of  Chemical  Industry. 

Mr.  Smith  started  out  with  the  idea  that  poor  work  is  altogether 
too  common,  and  a  most  cursory  examination  of  the  articles  men- 
tioned demonstrates  it  a  fact.  He  will  shortly  send  out  another 
series,  together  with  approved  methods  of  analysis,  and  asks  the 
cooperation  of  members  of  this  Society.  The  work  will  be  car- 
ried on  as  a  part  of  the  plan  of  the  Committee  on  Uniformity  in 
Technical  Analysis  of  the  New  York  Section  of  the  Society  of 
Chemical  Industry. 

Every  member  of  this  Society  interested  in  advancing  the  cause 
of  more  accurate  work  in  ordinary  analysis  is  invited  to  corre- 
spond with  Mr.  Smith.  He  particularly  desires  the  aid  of  college 
instructors.  Thorn  Smith, 

Isabella,  Tennessee. 
December  27,  1902. 

Upon  motion  of  Professor  Clarke,  the  communication  read  by 
Dr.  Hillebrand  was  placed  on  file. 

Dr.  Hillebrand  also  made  some  announcements  from  the  local 
committee. 

It  was  voted  that  a  committee  of  five  be  appointed  to  report 
upon  the  quality  of  the  reagents  furnished  by  dealers  in  this 
country,  and  that  the  committee  consist  of  the  president,  as  chair- 
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man,  and  four  other  members  to  be  appointed  by  him.  This  com- 
mittee as  constituted  consists  of  the  following  named  gentlemen: 
J.  H.  Long,  W.  F.  Hillebrand,  H.  P.  Talbot,  Charles  BaskervOle, 
and  L.  M.  Dennis. 

After  some  announcements  the  morning  session  was  adjourned. 

The  afternoon  session  convened  at  two  o'clock.  The  session 
was  called  to  order  by  President  Remsen,  and  the  following  papen 
were  presented  and  ,discussed : 

1.  "Report  of  the  Committee  on  Atomic  Weights,"  by  F.  W. 
Clarke. 

2.  "Report  of  the  International  Committee  on  Atomic  Weights," 
by  F.  W.  Clarke. 

3.  "The  Chemical  Work  of  the  Bureau  of  Soils,  Department  of 
Agriculture,"  by  Frank  K.  Cameron. 

4.  "The  Action  of  Metallic  Magnesium  on  Aqueous  Solutions," 
by  Louis  Kahlenberg.  Discussed  by  Messrs.  W.  G.  Brown,  A.  A. 
Noycs,  Bancroft  and  Kahlenberg. 

5.  "Action  upon  Metals  of  Solutions  of  Hydrochloric  Add  in 
Various  Solvents,"  by  Harrison  E.  Patten.  Discussed  by  Messrs. 
Remsen,  Patten,  Kahlenberg  and  A.  A.  Noyes. 

6.  "A  Proposed  Method  of  Examining  Wood  Treated  to  Resist 
Fire,"  by  C.  F.  McKenna. 

7.  "An  Electric  Test  Retort,"  by  C.  F.  McKenna. 

On  motion  of  the  secretary,  the  thanks  of  the  Society  were 
voted  to  the  Chemical  Society  of  Washington;  the  local  com- 
mittee of  arrangements,  the  governing  board  of  the  Cosmos  Qub; 
officers  and  faculty  of  Columbian  University  Medical  School; 
1^1r.  Eugene  C.  Foster;  the  Heurich  Brewing  Company;  Mr. 
Christian  Heurich ;  Mr.  William  M.  Meredith,  director,  and  Mr. 
Thomas  J.  Sullivan,  assistant  director,  of  the  United  States 
Bureau  of  Printing  and  Engraving;  and  the  Brooklyn  DaHj 
Bagle,  for  courtesies  received  and  enjoyed  by  the  Society. 

After  some  announcenjents,  the  twenty-seventh  general  meeting 
of  the  Society  was  declared  adjourned. 

After  the  adjournment  of  the  annual  meeting,  the  Council  of 
the  Society  met  in  Lecture  Room  No.  3  and  elected  the  varioas 
officers  and  committees  for  the  year  1903.  Some  other  business 
was  also  transacted. 

At  7.30  Tuesday  evening  the  address  of  the  retiring  president, 
President  Ira  Remsen,  was  delivered  in  the  large  lecture  room  00 
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the  first  floor  of  the  Columbian  University  Medical  School.  The 
subject  of  the  address  was  "The  Life  History  of  a  Doctrine". 
Professor  F.  W.  Clarke  presided. 

At  9.00  P.M.  the  chemists  enjoyed  a  subscription  dinner  at  Hotel 
Bart(xi.  Dr.  W.  F.  Hillebrand  presided  and  President  Remsen 
officiated  as  toast-master. 

On  Wednesday  evening  the  chemists  enjoyed  a  complimentary 
smoker  tendered  to  them  by  the  resident  members  of  the  Chemical 
Society  of  Washington.  The  smoker  was  held  in  the  New  Wil- 
lard  Hotel.  Albert  C.  Hale,  Secretary. 

REPORT  OP  THE  SECRETARY  FOR  I902. 

The  record  of  the  American  Chemical  Society  for  the  year  1902 
contains  many  items  of  importance  and  shows  some  special 
changes  in  the  administration  of  the  Society.  An  index  to  the 
first  twenty  volumes  of  the  Journal  and  to  the  earlier  Proceedings 
has  been  printed;  the  twenty-fifth  anniversary  number 
has  been  published  and  distributed  to  the  members;  and  the 
regular  numbers  of  the  Journal  have  been  of  special  interest,  and 
more  voluminous  than  ever  before.  Besides  the  matter  included 
in  the  Journal  proper,  the  Review  of  American  Chemical  Re- 
search, in  the  hands  of  the  large  and  able  corps  of  abstractors  who 
have  worked  assiduously  and  thoroughly  in  their  respective  fields, 
has  received  much  more  attention  than  formerly. 

The  membership  of  the  Society  has  grown  from  1,933,  reported 
last  year  at  the  Philadelphia  meeting,  to  2,188  at  the  present  time, 
a  net  gain  of  255.  With  the  exception  of  the  yearg  1894  and  1898, 
this  is  the  largest  increase  of  membership  in  any  single  year  in 
the  history  of  the  Society,  and  it  was  exceeded  by  only  three  per- 
sons in  1898  and  only  eight  in  1894.  The  membership  st  tistics 
at  the  present  time  are  as  follows : 

Honorary    members 15 

Life   members 13 

Members 2160 

Total 2188 

Elected  but  not  qualified 80 

Applications  pending 14 

Grand  total 2282 

During  the  year  the  Society  has  lost  by  death  the  following 
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named  members:  Samuel  S.  Taite,  Philadelphia;  Charles  Q. 
Rawling,  Wheeling,  West  Virginia;  Albert  R.  Leeds,  Hoboken, 
New  Jersey;  Joseph  Richards,  Philadelphia;  William  S.  Robin- 
son, Omaha;  R.  P.  Means,  Boston;  Henry  Morton,  Hoboken, 
New  Jersey ;  G.  C.  Hubbard,  New  York  City ;  James  Hartford, 
New  York  City; 'George  M.  Richardson,  Stanford  Univcrsin-; 
W.  Ivison  Macadam,  Edinburgh,  Scotland ;  W.  M.  Mew,  Wadi- 
ington;  Edwin  E.  Hunter,  St.  Joseph,  Missouri;  Herbert  b. 
Burgess,  Providence;  Robert  C.  Kedzie,  Agricultural  College, 
Michigan. 

During  the  year  one  additional  local  section,  the  Cornell  Sec- 
tion, with  headquarters  at  Cornell  University,  Ithaca,  New  York, 
has  been  established.  It  was  chartered  December  9th,  and  held  ks 
meeting  for  organization  December  15th.  Professor  L.  M.  Dennis 
is  president  of  the  section,  and  also  its  del^ate  to  the  Council  of 
the  Society.  Members  of  the  Society  in  three  other  localities  have 
been  in  correspondence  with  the  secretary  in  reference  to  the 
formation  of  local  sections  in  their  regions,  and  in  one  or  two  of 
these  cases  a  formal  application  may  be  made  before  long  for  a 
local  section  charter.  There  are  now  fifteen  local  sections  of  the 
Society  with  membership  as  follows : 

Rhode  Island  Section 33 

New    York    Section 520 

Cincinnati  Section 60 

Washington  Section 137 

Lehigh  Valley  Section 16 

Chicago  Section 104 

Nebraska   Section 17 

Columbus  Section 22 

North  Carolina  Section 25 

Northeastern  Section 257 

Philadelphia  Section 145 

Michigan  Section 71 

Kansas  City  Section 36 

California  Section 77 

Cornell    Section 32 

Total  number  of  members  in  local  sections 1552 

Per  cent,  of  membership  in  local  sections 71 

Inasmuch  as  the  constitution  provides  that  these  sections  may 
draw  from  the  treasury  of  the  Society,  for  necessary  current  ex- 
penses, a  sum  equal  to  one-third  of  the  total  amount  paid  by  their 
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members  for  dues  during  the  current  year,  a  considerable  propor- 
tion of  the  gross  receipts  of  the  Society  is  thus  rendered  unavail- 
able for  defraying  its  regular  expenses. 

A  large  committee  has  been  appointed  by  the  president  under 
the  authority  of  the  Council  to  enlist  the  interest  of  the  chemists 
of  this  country  in  the  Fifth  International  Congress  of  Applied 
Chemistry,  which  is  to  be  held  in  Berlin  early  next  summer.  This 
committee  is  already  at  work  vigorously,  and  it  is  to  be  hoped 
that  the  chemists  of  America  will  have  their  full  share  in  the 
Congress  and  its  work. 

An  invitation  has  been  given  to  the  members  of  the  Society 
through  the  columns  of  its  Journal  to  become  co-laborers  in  the 
compilation  of  a  trilingual  technical  dictionary  to  be  issued  in 
German,  English,  and  French,  and  to  be  called  the  "Technolex- 
icon."  Several  of  the  members  have  signified  their  desire  to  aid 
in  this  enterprise,  which  is  undertaken  by  the  Society  of  German 
Engineers. 

Amendments  to  the  constitution  of  the  Society  have  been  made 
this  year  by  which  the  class  of  associates  has  been  abolished,  and 
any  person  interested  in  the  promotion  of  chemistry  may  be 
elected  to  full  membership  in  the  Society.  It  is  believed  that  this 
action  will  result  in  a  considerable  increase  in  membership,  and 
that  it  will  not  detract  from  the  high  standard  of  work  and  influ- 
ence which  the  Society  has  always  striven  to  maintain. 

The  summer  meeting  this  year  was  held  in  Pittsburg,  Pennsyl- 
vania, June  30  and  July  i,  in  connection  with  the  meetings  of 
Section  C  of  the  American  Association  for  the  Advancement  of 
Science.  The  meeting  was  well  attended,  a  large  number  of 
papers  was  presented,  and  matters  of  special  interest  were  con- 
sidered. The  secretary,  who  has  served  the  Society  continuously 
since  the  year  1889,  presented  to  the  Council  at  this  meeting  a 
communication  in  which  he  announced  that  he  would  not  be  a 
candidate  for  re-election  to  the  office  he  had  held  so  many  years. 
The  Council  subsequently  voted  "that  the  duties  of  the  offices  of 
secretary  and  editor  be  combined  and  that  the  same  person  be 
elected  to  serve  in  the  two  offices  after  the  close  of  the  present 
calendar  year". 

The  annual  meeting  of  the  Society  is  held  this  winter,  for  the 
first  time,  in  connection  with  the  meeting  of  Section  C  of  the 
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American  Association  for  the  Advancement  of  Science,  that  body 
having  changed  the  date  of  its  meeting  to  "Convocation  Wcdc,* 
f.  e.,  the  week  in  which  January  i  occurs.  If  similar  conditions 
are  to  prevail  hereafter,  it  may  be  found.desirable  to  sedc  a  new 
arrangement  with  Section  C»  by  which  the  American  Chemical 
Society  may  have  as  much  of  the  time  of  the  meetings  allotted  to 
its  use  as  it  has  heretofore  had  at  its  disposal  when  its  anmal 
meeting  has  been  held  alone. 

This  is  the  third  general  meeting  that  the  Society  has  held  in  the 
city  of  Washington.  -  Its  first  meeting  here,  which  was  the  thirf 
general  meeting  held  by  the  Society,  occurred  August  17  and  18,. 
1891,  in  connection  with  the  meeting  of  the  American  Assodatioo 
for  the  Advancement  of  Science.  The  membership  of  the  Society 
was  then  only  293,  and  there  was  only  one  local  section.  At  diis^ 
meeting  there  was  a  conference  held  by  del^;ates  sent  by  chemical 
societies  from  various  sections  of  the  United  States  to  consider 
the  best  means  for  securing  a  permanent  organization  of  chemists, 
which  should  be  truly  national  in  its  character  and  aims.  At  tfais^ 
conference  the  American  Chemical  Society  was  accepted  as  sudi 
permanent  representative  body  of  American  chemists  and  it  wa» 
decided  to  carry  into  effect  a  plan  of  reorganization  of  the  Society 
on  such  a  basis  that  the  desired  results  could  be  attained. 

The  second  Washington  meeting  was  held  December  29  and  30, 
1897,  just  five  years  ago.  This  was  the  sixteenth,  general  meeting 
of  the  Society.  Its  membership  was  then  1,156,  an  increase  since 
the  first  Washington  meeting  in  1891  of  863  members,  and  instead 
of  one  local  secti(xi,  as  before,  ten  sections  had  been  established. 
Since  the  second  Washington  meeting  in  1897,  the  membership 
has  increased  1,032,' being  now  2,188.  There  has  also  been  an 
increase  of  five  local  sections  during  these  five  years,  the  total 
number  at  present  being  15.' 

The  city  of  Washington  has  furnished  three  of  the  twenty-one 
presidents  who  have  administered  the  affairs  of  the  Society; 
viz.,  H.  W.^Wiley,  during  the  years  1893  and  1894;  C.  E.  Munroe 
in  1898;  and  F.  W.  Clarke  in  1901.  During  Dr.  Wilc/s  second 
term  the  increase  in  membership  of  the  Society  was  the  largest  m 
its  history,  viz.,  263 ;  and  during  Dr.  Munroe's  administration  the 
next  largest,  258.  During  Professor  Clarke's  administration  the 
twenty-fifth  anniversary  meeting  was  held.  During  these  four 
years  of  administration  by  Washington  members  of  the  Society^ 
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there  was  a  total  increase  in  membership  of  812,  and  a  net  increase 
of  four  local  sections. 

The  present  condition  of  the  Society  is  very  gratifying  ^d  its 
future  looks  very  promising,  but  we  are  constrained  to  say  that  if 
the  Society  is  to  fill  its  proper  sphere  of  usefulness  in  America 
and  to  exert  the  influence  abroad  which  it  should  permanently 
"hold,  it  behooves  every  member  to  be  loyal  and  devoted  to  its 
interests  and  steadily  to  endeavor  to  insure  its  best  development 
and  growth.  Any  new  departures  like  those  inaugurated  during 
the  year  just  closing  should  be  carefully  tested  and  should  be 
given  every  opportunity  to  demonstrate  their  value.  Whatevei"  is 
£;ood  should  be  retained  and  jealously  guarded,  and  any- 
thing that  is  lacking  should  be  promptly  and  fully  sup- 
plied. It  is  perhaps  now  more  important  than  ever  before  that 
the  administration  of  the  Society  be  wise,  energetic,  sufficiently 
conservative  and  yet  continually  aggressive  and  alive  to  every 
new  demand  that  shall  be  made  upon  it.  No  phase  of  our  science, 
whether  pure  or  applied,  theoretical  or  practical,  shouljl  be 
Ignored  or  in  any  way  neglected.  Every  department  of  chemistry 
-should  be  aided  and  inspired  by  the  Society,  and  should  be  fully 
represented  in  its  administration ;  all  chemists  in  America  should 
be  loyal  and  enthusiastic  members  of  the  American  Chemical 
^Society,  and  should  strive  to  keep  it  upon  the  highest  plane  which 
our  science  may  be  able  to  occupy,  and  to  maintain  it  in  the  froqt 
rank  of  organizations  established  and  administered  in  the  interests 
of  chemistry  and  those  devoted  to  its  advancement. 

REPORT  OP  THE  EDITOR. 

During  the  year  ending  December  i,  1902,  179  papers*  have 
"been  submitted  to  the  Committee  on  Papers  and  Publication.  Of 
these,  127  have  been  accepted  and  have  been  or  will  be  published; 
21  have  been  accepted,  after  revision;  31  have  been  returned  to 
the  authors  as  being  unsuited  for  publication  in  our  Journal,  and 
action  upon  one  paper  is  still  pending. 

At  the  close  of  1901  a  new  corps  of  reviewers  was  organized  for 
the  Review  of  American  Chemical  Research.  The  scope  of  the 
Review  was  also  enlarged  to  include  abstracts  of  work  published 
abroad  by  American  authors  and  to  include  abstracts  of  American 
patents.  The  number  of  pages  in  the  Review  given  to  each  sub- 
ject, during  the  year,  are  as  follows : 
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General  and  Physical  Chemistry/ 27Jt 

Inorganic  Chemistry 12.6 

•Mineralopcal  and  Geological  Chemistry 76.7 

Analytical   Chemistry t 12^ 

Metallurgical  Chemistry  and  Assaying 101.7 

Organic  Chemistry  . . , 47.6 

Biological  Chemistry : jg.3 

Pharmaceutical  Chemistry 4.1 

Sanitary  Chemistry 45^ 

Industrial   Chemistry 33^ 

Agricultural  Chemistry 42.2 

Patents 100.8 

Total * 544.0 

W.  A;  NoYES. 

REPORT    OF    THE   TREASURER    PROM    DECEMBER    21,     I9OI,    TO 

DECEMBER  21,  1902.    • 
Balance  on  hand  December  21 ,  1901 $  1,957  31 

Receipts. 

Received  for  dues $  9750  00 

"    advertising 133224 

"    subscriptions • 11 10  79 

**    back  numbers  and  Index 41505 

' '    interest  Knickerbocker  Trust  Co •  •  •  •  79  2Z 

**         "      special  investment  fund 7000 

**         **      life  membership  fund 35  00 

"    25th  anniversary  fund 97  9^ 

"    Michigan  Section 4438 

**    circulars  for  general  meeting 2  00 


-112,926  59 


114,88390 


Disbursements. 

For  printing  Journal,  11  numbers $  5945  00 

'*          "             **       anniversary  number 45905 

**    authors*  reprints 37019 

'*    expense,  president's  office 35  38 

'*          '*        editor's  office  (salary)- 50000 

**          *'       (salary,  abstract) 15000 

*•       (general) 121 42 

'*          '*        secretary's  office  (clerical) 60223 

**     (current) 6567 

••     (general) 27485 

•*              **             •*     (collection  of  dues) 975 «) 

'*          '*       librarian's  office ••• 97284 

*'          "        library,  binding  account,  1901  •^ 61  75 
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For  expense,  advertising 253  29 

**  "        rebate  on  subscriptions 2540 

"  "        back  numbers,  storage,  etc 6660 

'  **        printing  directories 33425 

"  *'        printing  index 53020 

"  **  Review  of  American  Chemical  Research . .  37970 

**  "        special  appropriations 7800 

*'  '*        Memberdiip  Committee 552 

*'  "        general  meetings 26980 

*'  •*        25th  anniversary 1250 

"  "        treasurer's  office 40000 

**  "       incidentals .  7695 

I.        ,      1'        .  1^2.87559 

*'  local  secuons,  vtz: 

Chicago $  7833 

Cincinnati 46  66 

Columbus 38  33 

Kansas  City 30  25 

Michigan 8333 

Nebraska 3000 

New  York 375  00 

North  Carolina 2666 

North  Eastern 428  33 

Philadelphia 50  95 

Rhode  Island 3500 

San  Francisco 88  33 

Washington 185  00 

$    i486  17 

I4»36i  76 
Unpaid  bills 53585 

.     ,  .  131825  91 

Deposited  m  Emigrant  Savings  Bank ».         3500 

-n-.i     r  13,86091 

Bills  of  1901 298  35 

Balance  on  hand 724  64 

^114.883  90 

Assets. 
Special  investment  fund  ($2000,  ^}4  per  cent.  N.  Y.  gold 

bond  due  1915) $209750 

Life-membership  fund  (|iooo,   3>^  per  cent. 

N.  Y.  gold  bond  due  1925) $  1080  38 

In  Emigrant  Savings  bank 876  10 

Interest  from      **         *•      1477 

Interest  from  special  investment  bond 70  00 

2041  25 
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Amount  brought  forward 2041  25 

Balance  in  Knickerbocker  Trust  Co 72464 

Cash  in  secretary's  hands • 253  73 

Uncollected  accounts  (advertising) 850  00 

•*               *'       (dues,  1901) 44000 

(    ••    1902) 113000 

1  7»536  « 

LIABIUTIBS. 

Life  membership  fund I1956  48 

Unpaid  bills •.      535^5 

$2492  33 
Balance  of  actual  assets 5033  78 

1  7.536  w 

A.  P.  Hallock,  Treasurer. 

REPORT  OF  THE  LIBRARIAN. 

Copies  of  the  Journal  in  stock  December  20,  1901 . . .  52,(>33 

Copies  received  to  December  20,  1902  : 

Journal 9,037 

Index 2,931 

Anniversary  No 603 

12,571 

64.604 
Copies  sent  out  from  December  20, 1 901,  to  December 

20,  1902  : 
To  members  and  others  without  charge 3»72S 

BysaleH^r^ ^^ 

'        \  Index 135 

4.667 

In  stock  December  20,  1902 59.937 

Receipts  from  sale  of  Journal  and  Index  from  De- 
cember I,  1 901  to  December  20,  1902: 

Transmitted  to  treasurer. f4i5*os 

Balance  in  librarian's  hands 40.11 

$455.16 

In  my  last  report  I  called  attention  to  the  fact  that  there  were 
six  issues  of  the  Journal  of  which  we  had  less  than  20  copies  eadi. 
At  present  there  are  7  st)ch  issues  as  follows : 


^ol.          Ill, 

No. 

Aug.-Dec. 

16  copies. 

VI, 

I  and  2 

15      " 

n                    M 

3 

9      " 

"       XVII, 

10 

17      •• 

'•       XXII, 

I 

1      •• 

l<               II 

2 

2      *• 

«.               1. 

3 

14      •' 
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The  two  numbers  of  Vol.  XXII,  of  which  we  have  one  and  two 
copies,  respectively,  will  probably  be  exhausted  within  a  month  or 
so.  Of  the  other  numbers  the  supply  will  probably  be  sufficient 
to  meet  the  demand  for  several  years. 

BZFBNSBS  OF  THB  LIBRARIAN'S  OFFICS. 

E.  G.  Love,  librarian,  in  account  with  the  American  Chemical  Society. 

Da. 

Dec.     I,  1901.  To  balance  of  appropriation $  67.20 

Dec.     I,  1901 .  To  balance  cash 10.73 

Dec.    6,  1901.  To  A.,  P.  Hallock,  Treasurer 35.00 

$  102.93 

Ca. 

Dec.  30,  1901.  By  postage .• 5.07 

Dec.  30,  i^i.  By  express  and  incidentals 3.50 

Feb.  26,  1902.  By  bill  for  binding  (App.  1901) 61.75 

Feb.  26,  1902.  By  balance  of  appropriation  not  drawn      5.45 

27.16 
Under  appropriation  of  |iooo  for  librsrian's  office  for  1902. 

Dr. 

Jan.     I,  1902.    To  balance 27.16 

Jan.   20,  1902.    To  A.  P.  Hallock,  Treasurer 250.00 

Mar.  28,  1902.    To  A.  P.  Hallock,  Treasurer 250.00 

July     3,  1902.    To  A.  P.  Hallock,  Treasurer 250.00 

Oct.    10,  1902.    To  A.  P.  Hallock,  Treasurer 223.84 

1000.00 

Ca. 

January  i,  1902,  to  December  20,  1902: 

By  postage 140.72 

By  stationery  and  printing *  42*77 

By  clerical  services  and  cataloguing > 136.80 

By  completing  files  and  binding 454*54 

By  express  and  incidentals 67.22 

By  storage  at  Chemists'  Club 75*oo 

By  subscriptions  to  journals 42*50 

95955 

Balance 40.45 

The  number  of  volumes  bound  since  my  last  report^  including 
those  at  the  binders  at  the  date  of  that  report  and  paid  for  out  of 
the  appropriation  for  1901,  was  314,  at  a  cost  of  $314.90. 

The  librarian  has  purchased  during  the  year  to  complete  files 
86  volumes  and  284  single  numbers. 

E.  G.  Love,  Librarian. 
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REPORT  OF  THE  COMMITTEE  ON  EXCHANGES. 

There  are  at  present  82  exchanges  on  our  list,  of  which  19  are 
weeklies,  42  semi-monthlies  and  monthlies,  and  21  bi-monthlies, 
quarterlies  and  annuals. 

During  the  year  the  following  periodicals  have  been  added  to 
our  exchange  list : 

Memoirs  and  Proceedings  of  the  Manchester  Literary  and 
Philosophical  Society. 

Electrochemische  Zeitschrift. 

U.  S.  Geological  Survey. 

Royal  Academy  of  Science,  Amsteraam. 

Archives  des  Sciences  physiques  et  naturelles,  Geneva, 

Thonindustrie  Zeitung. 

Chemische  Zeitschrift. 

Revue  de  Chimie  Industrielle. 

The  following  have  been  dropped  from  our  exchange  list : 

Bulletin  New  York  Public  Library. 

Schuh  und  Leder. 

The  Sugar  Beet. 

Leipziger  Farber  Zeitung  (for  non-receipt). 

There  are  many  publications  which  it  is  important  to  have  in 
the  Society  library,  but  which  have  no  exchange  list,  or  with 
which  we  have  been  unable  so  far  to  effect  an  exchange.  Among 
these  are  the  following  which  have  been  taken  by  subscription  for 
the  past  few  years. 

London,  Ed.  and  D.  Philosophical  Magazine. 

Annales  de  Chimie  et  de  Physique. 

Chemiker  Zeitung. 

Dir.gler's  polytechnisches  Journal. 

Berichte  der  deutschen  chemischen  Gessellschaft. 

Zeitschrift  fiir  physikalische  Chemie  (J4). 

It  is  hoped  in  the  future  to  obtain  the  Berichte  der  deutschen 
chemischen  Gessellschaft  by  exchange. 

E.  G.  Love,  Chairman. 

REPORT  OF  COMMITTEE  ON  AMENDMENTS  TO  THE  CONSTrrUTION. 

During  the  year  important  improvements  to  our  constitution 
were  made  relating  to  the  classification  of  our  membership.  These 
amendments  do  away  with  the  class  of  members  known  as  asso- 
ciates and  classify  all  members  of  the  Society  into  members,  life 
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members,  and  honorary  members.  Members  and  life  members 
have  exactly  the  same  standing  in  the  Society.  The  life  members 
difFer  from  the  other  members  only  in  paying  at  one  time  a  sum 
which,  it  is  estimated,  will  liquidate  their  dues  as  members. 

Members  in  voting  on  important  questions  such  as  the  amend- 
ments to  the  constitution  have,  apparently,  shown  lack  of  interest. 
Out  of  a  membership  of  2,200  in  round  numbers,  only  446  voted 
on  Amendment  i,  which  was  the  maximum  voting  on  any  of  the 
amendments— almost  exactly  20  per  cent.  When  it  is  considered 
that  the  only  trouble  that  the  members  would  have  in  voting  on 
these  questions  is  to  sign  their  names  and  transmit  the  ballot  to 
the  secretary,  it  seems  strange  that  only  20  per  cent,  of  the  mem- 
bers took  enough  interest  in  the  matter  to  record  their  ballots. 

Your  committee  beg  to  submit  the  statement  that  while  it  is 
evident  that  the  constitution  of  our  Society  is  by  no  means  perfect, 
yet  under  the  conditions  existing,  we  have  continued  to  grow  in  a 
most  phenomenal  manner.  The  business  of  the  Society  is  trans- 
acted with  reasonable  despatch  and  with  reasonable  expense,  and 
it  does  not  appear  desirable  at  the  present  time  to  change  any  fur- 
ther the  fundamental  basis  on  which  our  Society  rests.  At  least, 
not  until  a  few  years  of  experience  has  shown  us,  beyond  a 
shadow  of  a  doubt,  the  necessity  for  the  proposed  changes. 

H.  W.  Wiley,  Chairman. 

REPORT  OF  THE  COMMITTEE  ON  DUTY-FREE  IMPORTATIONS. 

Since  the  last  report  of  this  committee  was  presented  at  the 
Denver  meeting  of  the  Society,  and  published  in  the  number  of 
the  Journal  for  January,  1902,  there  has  been  sent  out  from  the 
office  of  the  Secretary  of  the  Treasury  at  Washington  a  circular 
of  instructions  to  officers  of  the  customs^-Department  Circular, 
No.  108,  dated  August  19,  1902 — in  which  rules  are  laid  down  for 
the  guidance  of  officials  at  the  custom-houses  of  the  United  States 
in  interpreting  and  administering  the  law  in  regard  to  duty-free 
importations  by  institutions  of  learning. 

Unfortunately  it  cannot  be  said  that  these  rules  are  altogether 
clear  or  free  from  ambiguity,  nor  do  they  seem  to  be  entirely  con- 
sistent with  each  other.  It  is  evidently  much  to  be  desired,  both 
with  a  view  to  the  honest  collection  of  government  revenue  and  to 
the  advancement  of  the  scientific  and  educational  interests  of  the 
United  States,  that  a  clearly  intelligible,  unambiguous  and  self- 
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consistent  exposition  of  the  law  should  be  put  forth  by  the  Secre- 
tary of  the  Treasury.  To  secure  such  an  exposition  it  seems 
desirable  that  a  further  effort  be  made  to  ask  the  attention  of  the 
Secretary  to  one  or  two  points  of  general  principle. 

1.  There  does  not  appear  to  be  any  difficulty  in  regard  to  secur- 
ing the  duty-free  admission  of  such  articles  or  objects  as  are 
usable  solely  for  scientific  or  educational  purposes — for  example, 
an  apparatus  for  demonstrating  the  phencxnena  of  optical  diffrac- 
tion. 

2.  It  seems  to  be  equally  clear  that  articles  are  not  entitled  to 
exemption  from  payment  of  duty  which,  although  tfaey  may 
be  used  by  teachers  or  scientific  investigators,  are  used  by  them 
for  their  personal  comfort  or  convenience,  and  not  as  direct  means 
for  the  advancement  or  diffusion  of  knowledge — for  instance,  the 
chair  on  which  the  teacher  sits,  or  the  cooler  from  which  ice-water 
for  drinking  is  supplied  in  the  lecture-room. 

3.  The  cases  which  have  given  rise  to  controversy  are  those  in 
which  articles  or  objects  are  concerned  which  are  capable  of  being 
used  for  strictly  scientific  or  educational  purposes  and  also  for  the 
purposes  of  ordinary  life — for  personal  convenience,  or  for  gain 
and  commercial  advantage — ^as,  for  example,  therm<Mneters  and 
filtering  paper. 

4.  Sometimes  an  article  of  which  the  generic  name  would  place 
it  in  the  class  of  things  used  both  for  scientific  and  non-scientific 
purposes  may  be  made  of  different  types,  some  adapted  only  to 
use  under  one  of  these  heads  and  some  under  the  other.  Thus 
we  see  2-inch  thermometers  in  ornamental  frames  on  a  parlor 
maniel-piece  which  would  practically  never  be  used  for  scientific 
teaching  or  research,  and  there  are  thermometers  of  predsioo, 
reading  to  hundredths  of  a  degree,  which  would  never  be  used  for 
anything  else  than  such  teaching  or  research. 

5.  There  remain,  however,  very  many  articles  of  which  the  fit- 
ness for  either  scientific  or  non-scientific  use  has  led  to  disputes 
with  custom-house  officials  in  regard  to  exemption  or  non-exemp- 
tion from  duty,  and  it  is  especially  under  this  head  that  a  clear  and 
easily  understood  rule  is  desirable. 

6.  In  speaking  of  apparatus,  materials,  etc.,  as  ''used  for  scien- 
tific purposes"  not  only  should  the  distinction  be  kept  in  view  be- 
tween such  things  being  capable  of  such  use  and  being  so  used, 
but  also  the  distinction  between  their  being  commonly  or  habihh 
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My  so  used  in  the  world  at  large  and  their  being  actually  so  used 
by  the  particular  universities,  colleges,  etc.,  importing  them  free 
of  duty. 

7.  Having  in  view  the  spirit  and  reason  of  the  law  to  be  in- 
terpreted it  would  seem  that  the  decision  in  doubtful  cases  should 
be  based,  not  on  the  use  to  which  the  article  in  question  is  capable 
of  being  put  or  may  be  put,  but  on  that  to  which  it  actually  is  put 
by  the  institution  of  learning  seeking  exemption  from  payment  of 
duty.  The  applications  for  free  entry  at  a  custom-house  are 
made  under  oath,  by  a  class  of  men  who  have  moral  characters  to 
sustain  before  the  world,  and  whose  personal  interests  are  either 
not  at  all  or  only  very  indirectly  concerned,  and  the  law  provides 
adequate  punishment  for  falsehood  in  the  statements  embodied  in 
such  applications.  If  the  present  form  of  application  were  modi- 
fied by  inserting,  after  the  statement  that  the  articles  imported  are 
for  the  exclusive  use  of  the  institution  of  learning,  some  such 
words  as  — ^"to  be  applied  directly  and  solely  in  teaching  or  in 
scientific  investigation" — it  seems  that  the  interests  of  the  Treas- 
ury would  be  safeguarded,  and  at  the  same  time  the  facilities  and 
advantages  would  be  secured  which  the  statute  was  intended  to 
give  to  the  intellectual  life  and  progress  of  the  country. 

8.  The  general  principle  here  advocated  is  supported  by  the  last 
section  (11)  of  the  Treasury  Circular  No.  108,  which  reads  thus: 
"In  determining  whether  articles  imported  by  colleges,  etc.,  are 
entitled  to  free  entry  as  being  philosophical  or  scientific  in  char- 
acter, the  principal  use  of  the  article  should  be  taken  into  con- 
sideration ;  and  while  an  instrument  may  be  used  in  the  industrial 
pursuits,  if  its  construction  is  based  upon  scientific  principles  and 
the  article  is  used  in  the  class-room  in  scientific,  teachings,  U  is 
clearly  entitled  to  free  entry.  Sextants,  quadrants,  theodolites, 
calculating  machineis,  etc.,  are  illustrations  of  this  class  of  instru- 
ments." Unfortunately  the  language  of  this  section  seems  to  be 
in  some  measure  contradicted  by  that  of  other  sections  of  the 
circular. 

9.  It  seems  likely  that  more  success  might  attend  an  effort  to 
place  this  matter  before  the  Secretary  of  the  Treasury  orally  than 
by  any  lengthy  memorial  in  writing,  and  it  is  recommended  to  the 
Society  that  a  committee  be  authorized  to  seek  a  personal  inter- 
view with  the  Secretary,  and  to  present  to  him  a  statement  of  the 
difiiculties  sought  to  be  overcome,  and  of  the  means  by  which  tKey 
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may  be  surmounted  without  loss  or  injury  to  the  gavemmexit 
The  committee  in  question,  either  that  now  in  existence  or  a 
new  one,  might  be  gfiven  discretion  as  to  the  presentation  to  be 
made,  or  might  be  instructed  by  the  Society  after  a  general  dis- 
cussion of  the  subject.  Respectively  submitted, 

J.  W.  Maixet. 

COUNCIL. 

The  Council  of  the  American  Chemical  Society  met  in  the 
Medical  School  building  of  Columbian  University,  Washington, 
b.  C,  Monday,  December  29,  1902.  The  meeting  was  called  to 
order  at  9.00  p.m.  There  were  present  Messrs.  Remsen,  Smith, 
Venable,  Clarke,  Talbot,  Jennings,  McPherson,  A.  A.  Noycs, 
Dennis,  Baskerville,  Prescott,  W.  A.  Noyes,  Mallet,  Catlin,  Long, 
Munroe,  Hale,  Hallock,  Parker,  McMurtrie,  Baekdand,  Hille- 
brand,  Marshall,  and  Stokes. 

The  minutes  of  the  previous  meeting  were  adopted  as  recorded 
by  the  secretary.  The  secretary  read  a  report  of  the  Committee 
on  Exchanges,  and  it  was  ordered  on  file. 

Dr.  Munroe,  chairman  of  the  Committee  on  Duty-free  Importa- 
tions, read  a  report  for  that  committee  which  was  prepared  by  Dr. 
Mallet.  It  was  voted  that  the  report  of  the  Qxnmittee  on  Duty- 
free Importations  be  accepted  and  adopted,  and  that  a  committee 
to  confer  with  the  Secretary  of  the  Treasury  be  appointed  by  the 
president  in  conference  with  the  members  of  the  committee 
present.  The  president  appointed  as  such  committee  of  confer- 
ence the  members  of  the  Committee  on  Duty-free  Importations 
who  were  present.  It  was  also  voted  that  the  Committee  on 
Duty-free  Importations  be  requested  to  obtain,  if  possible,  con- 
certed action  by  the  various  educational  institutions  throughout 
the  country  looking  to  such  restatement  of  the  law  governing 
duty-free  importations  as  will  admit  free  of  duty  such  apparatus 
and  supplies  as  are  imported  in  good  faith  by  these  institutions  for 
instruction  and  investigation  and  are  not  intended  for  sale. 

The  Committee  on  Cooperation  with  the  National  Bureau  of 
Standards  reported  progress  through  Dr.  A.  A.  Noyes* 

A  report  of  the  Committee  on  Amendments  was  read  by  the 
secretary  and  adopted  by  the  Council.  The  committee  was  dis- 
charged. 
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The-  following  named  committees  having  completed  their  work, 
were  also  discharged;  Committee  on  Administration,  Committee 
on  Twenty-Fifth  Anniversary  Volume,  and  the  Committees  on 
Program  for  the  Twenty-Sixth  and  Twenty-Seventh  Meetings. 

The  president  and  secretary  were  authorized  to  prepare  and 
issue  credentials  to  all  members  of  the  Society  who  shall  attend 
the  Fifth  International  Congress  of  Applied  Chemistry  in  Berlin, 
accrediting  them  as  delegates  from  the  American  Chemical  So- 
ciety. Upon  motion  of  Professor  Clarke,  seconded  by  Dr.  Hale, 
it  was  voted  that  hereafter  the  representatives  of  the  American 
Chemical  Society  in  the  Council  of  the  American  Association  for 
the  Advancement  of  Science  shall  be  the  president  and  secretary 
of  the  Society,  exofficiis. 

The  following  communication  from  the  New  York  Section  of 
the  Society,  sent  to  the  Board  of  Directors,  was  read  by  the  secre- 
tary, since  action  thereon  comes  properly  within  the  province  of 
the  Council. 

"New  York,  October  31,  1902. 
''Mr.  Albert  C.  Hale, 

"Secretary  American  Chemical  Society. 
"Dear  Sir: 

"At  the  regular  meeting  of  the  New  York  Section  held  October 
10,  1902,  it  was  voted  that  the  New  York  Section  recommend  to 
the  Board  of  Directors  of  the  American  Chemical  Society  that  a 
photo  reproduction  of  the  Niphols  medal  be  made  and  published 
in  the  Journal  of  the  Society,  and  that  it  be  accompanied  with  a 
statement  of  the  conditions  governing  the  award  pf  the  same. 

"Yours  truly,    • 

"Francis  D.  Dodge, 

"Secretary  New  York  Section." 

The  request  of  the  Section  was  granted  and  it  was  ordered  that 
such  photo  reproduction  and  description  be  inserted  in  the  Journal. 

The  Committee  on  Resolutions  Regarding  the  Retirement  of 
the  Secretary  made  the  following  report,  which  was  adopted : 

"The  announcement  of  Dr.  Albert  C.  Hale  that  he  felt  con 
strained  to  retire  from  active  duty  as  secretary  of  the  Society  a 
this  time  came  as  a  great  surprise  to  those  of  us  who  have  known 
of  his  splendid  work  and  his  deep  and  constant  interest  in  the 
Society's  progress  and  advancement.     Having  served  by  his  side 
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in  the  "day  of  small  things/'  and  having  observed  his  untiriqg 
efforts  in  every  direction  for  the  upbuilding  of  the  Society  and  its 
recognition  as  a  potent  factor  in  the  world  of  pure  and  applied 
science,  the  undersigned  would  take  occasion  to  offer  this  miniite 
of  their  appreciation,  and  the  great  regret  which  we  all  entertain 
in  regard  to  his  action,  and  to  assure  Dr.  Hale  that  the  sincere 
thanks  of  every  member  of  the  Society  are  his,  not  only  for  Us 
accurate,  competent,  and  careful  discharge  of  the  onerous,  and  at 
times  trying  and  delicate,  duties  which  devolved  upon  him  as  an 
official,  but  also  for  the  frequent  assistance  and  uniform  kindnesi 
and  courtesies  of  which  we  all  have  been  the  recipients  from  Us 
hands.  We  beg  to  remind  him  that  the  place  which  he  holds  id 
our  affections  will  not  be  made  vacant,  nor  will  his  labors  in  our 
behalf  be  forgotten. 

"Edgar  F.  Smith, 
"Charles  B.  Dudley, 
"William   McMurtrib.'' 

It  was  voted  that  the  issue  of  the  Journal  be  3200  copies  during 
the  months  of  January,  February,  and  March,  1903,  and  3000 
copies  the  balance  of  the  year. 

The  president  and  secretary  were  appointed  a  committee  with 
power  to  act  in  the  matter  of  printing  the  constitution. 

The  report  of  the  Committee  on  Estimates  was  submitted 
Pending  action  thereon,  the  Council  voted  that  the  dues  of  Ac 
Society  be  collected  by  the  treasurer. 

It  was  moved  that  the  secretary  be  given  a  salary  of  $300  for 
the  year  and  the  treasurer  a  salary  of  like  amount.  This  motion 
was  amended  to  make  the  sum  which  each  should  receive  $250. 
The  amendment  was  carried  and  the  original  motion  as  amended 
was  adopted. 

The  following  budget  of  expenses  for  the  year  1903  was  then 
adopted : 

Journal  and  abstracts |6^5 

Authors*  reprints 350 

Editor's  office : 

Editor's  salary. $500 

Abstract  editor's  salary 150 

Abstract  fees 500 

Ex|>enses  of  editor  and  abstract  editor aoo 

1,330 


(«5) 

Secretary's  office: 

Secretary's  salary 250 

Clerk  or  stenographer  for  secretary 500 

General  expenses  of  secretary's  office 350 

Directory 250 

1,350 

Treasurer's  office: 

Treasurer's  salary 250 

Expenses  of  treasurer's  office 400 

650 

Librarian's  office: 

Clerical 150 

Postage,  stationery  and  incidentals 260 

Storage  of  journals  at  Chemists'  Club 75 

Subscriptions 45 

Binding  and  completing  files 500  ^ 

1,030 

Committees : 

Membership  Committee 50 

.  Committee  on  Advertisement 50 

Committee  on  Atomic  Weights 2 

Other  committees 23 

125 

General  meetings 250 

Local  sections 1,800 

Special  appropriations  and  contingent  fund 500 

Total $13,880 

The  following  estimate  of  receipts  of  the  Society  for  the  year 
1903,  which  was  reported  by  the  Committee  on  Estimates,  was 
accepted  by  the  Council : 

Membership  dues $11,000 

Subscriptions , 1,100 

Advertising 2,000 

Sale  of  Journal  and  index 500 

Interest aoo 

Balance  on  hand  from  1902 250 

Total. $I5»050 

The  following  were  nominated  as  officers  and  members  of  com- 
mittees, respectively  for  the  year  1903 : 
Secretary  and  Editor. — ^W.  A.  Noyes. 
Treasurer.— K.  P.  Hallock. 
Librarian. — E.  G.  Love. 
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Directors  (to  serve  two  years  beginning  January  i,  1903).— 
C.  A.  Doremus,  C.  B.  Dudley. 

.  Committee  on  Papers  and  Publications. — ^W.  A.  Noyes,  Edward 
Hart,  W.  F.  Hillebrand,  J.  H.  Long.  William  McMurtrie,  A.  A 
Noyes,  Edgar  F.  Smith,  H.  N.  Stokes,  H.  P.  Talbot,  H.  W. 
Wiley. 

Finance  Committee. — ^J.  H.  Wainwright,  Durand  Woodmaii, 
Charles  F.  McKenna. 

Committee  on  Membership. — ^^^^illiam  McMurtrie,  E.  G.  Love, 
C.  L.  Reese. 

The  retiring  secretary  was  authorized  to  have  bound  the  lists  of 
members  which  he  has  been  collecting  for  the  Society.  He  was 
also  authorized  to  incur  all  necessary  expenditures  in  the  transfer 
of  the  office  and  business  of  the  secretar)'. 

The  president  was  instructed  to  appoint  a  committee  to  report 
at  the  meeting  of  the  Council  December  30th,  on  the  time  and  place 
for  the  next  meeting  of  the  Society.  He  appointed  as  such  com- 
mittee J.  H.  Long  and  W.  A.  Noyes. 

The  matter  of  printing  back  numbers  of  the  Journal  was  left  to 
the  president  and  secretary  with  power. 

The  Council  then  adjourned,  to  meet  at  the  close  of  the  annial 
meeting  of  the  Society.  Albert  C.  Hale,  Secretary. 

Adjourned  meeting  of  the  council. 

The  adjourned  meeting  of  the  Council  was  called  to  order  in 
-the  Columbian  University  Medical  School  building  at  4.15  p.  iil, 
December  30,  1902.  The  following  named  councillors  were 
present :  Messrs.  Remsen,  McMurtrie,  Baekeland,  Mimroe,  Den- 
nis, Hale,  Marshall,  Catlin,  Baskerville,  Clarke,  Talbot,  A  A 
Noyes,  W.  A.  Noyes,  Long,  Smith,  McKenna,  Hillebrand,  and 
Hallock. 

The  outline  of  minutes  of  the  meeting  of  December  29th  was 
read  by  the  secretary  and  approved. 

The  Committee  on  Time  and  Place  for  the  Next  Meeting  of  the 
Society  recommended  Cleveland,  Ohio,  as  the  place,  and  June 
30th  and  July  ist  as  the  date.  It  was  voted  that  Cleveland  be 
accepted  as  the  place  of  meeting,  and  that  the  exact  date  be  left  to 
the  president  and  secretary  to  determine. 

The  report  of  the  Committee  on  Patents  and  Related  Legisla- 
tion was  read  by  P.  T.  Austen  and  adopted. 
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The  secretary  was  instructed  to  cast  the  ballot  of  the  Council, 
electing  to  the  various  offices  and  membership  of  committees  the 
persons  who  were  nominated  for  the  respective  positions  at  the 
meeting  December  29th.  The  secretary  cast  the  ballot  and  the 
g^entlemen  were  declared  elected. 

Dr.  Baekeland  moved  that  the  Council  take  action  with  refer- 
ence to  the  bill  upon  the  metric  system  now  pending  in  Congress. 
The  motion  was  seconded  and  the  whole  question  was  referred  to 
the  Committee  on  Cooperation  with  the  Bureau  of  Standards. 

1  he  editor  was  empowered  to  vary,  at  his  discretion,  the  size  of 
the  individual  numbers  of  the  Journal,  providing  the  total  issue 
during  the  year  is  kept  within  the  authorized  limits  of  .expendi- 
ture. 

The  thanks  of  the  Council  were  voted  to  Dr.  Morley  and  Dr. 
Tower  for  their  services  in  preparing  the  index  of  the  Proceedings 
and  first  twenty  volumes  of  the  Journal.  It  was  also  voted  that 
they  be  furnished  gratis  with  such  copies  of  the  index  as  they 
may  wish  for  their  personal  use,  and  that  Dr.  Morley  be  asked  to 
retain  for  himself  the  set  of  the  Journal  and  Proceedings  which 
was  used  in  their  work. 

The  librarian  was  instructed  to  furnish  to  the  chairman  of  the 
Committee  on  Advertising  such  copies  of  the  Journal  as  may  be 
needed  in  conducting  the  work  of  the  committee.  The  librarian 
was  also  instructed  to  replace  such  numbers  of  the  Journal  as  the 
chairman  of  the  Committee  on  Advertising  has  withdrawn  from 
his  personal  file  to  use  in  his  committee  work. 
The  Council  then  adjourned. 

Albert  C.  Hale,  Secretary. 

INTERNATIONAL   COMMISSION    FOR    UNIFORM    METHODS   OP    SUGAR 

ANALYSIS. 

The  following  chemists  have  agreed  to  use  the  methods  adopted 
by  the  Commission  and  printed  in  this  Journal,  23,  (1901) 

UNIT£D  STATES  OF  NORTH  AMERICA. 

1.  Aldrich^  Thos.  B.,  Care  Parke  Davis  &  Co.,  Detroit.  Mich. 

2.  Atkinson,  J.  W.,  Betterayia,  Cal. 

3.  Babington,  Fred.  W.,  Chemist,  Customs  Dept,  Ottawa,  Canada. 

4.  Baum,  Simon,  Saint  Rose  P.  O.,  Louisiana. 

5.  Behi*,  Arno,  Pasadena,  Cal. 

6.  Bennett,  A.  A.,  Ames,  la. 

7.  Bennett,  J.  W.,  Boston,  Mass. 
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8.  Bentlcy,  Wm.  B.,  Ohio  University,  Athens,  O. 

9.  Bevier,  Isabel,  University  of  Illinois,  Urbana,  III. 

10.  Bird,  Maurice,  Calhoun,  La. 

11.  Bragg,  Charlotte  A.,  Wellesley,  Mass. 

12.  Bryan,  A.  Hugh,  Chemist,  American  Beet  Sugar  Co.,  Rockyford,  CoL 

13.  Burr,  E.  C,  San  Francisco,  Cal. 

14.  Cady,  W.  B.,  Care  Bay  City  Sugar  Co.,  Bay  City,  Mich. 

15.  Caldwell,  George  Chapman,  Ithaca,  N.  Y. 

16.  Cavanaugh,  Geo.  W.,  Ithaca,  N.  Y. 

17.  Chamberlin,  G.  M.,  Jr.,  Bay  City  Sugar  Co.,  Bay  City,  Midi, 
la  Chamot,  E.  M.,  Ithaca,  N.  Y. 

19.  Chandler,  Charles  F.,  Columbia  University,  New  York,  N.  Y. 

20.  Clapp,  Lowell  T.,  Boston,  Mass. 

21.  Coates,  Charles  E.,  Louisiana  State  University,  Baton  Rouge,  La. 

22.  Colby,  George  Elden,  University  of  California,  Berkeley,  CaL 

23.  Comey,  Arthur  M.,  32  Hawley  street,  Boston,  Mass. 

24.  Curtis,  Henry  E.,  Agricultural  Experiment  Station,  Lexington,  Ky. 

25.  Davidson,  R  J.,  Blacksburg,  Va. 

26.  Davoll,  David  L.,  Chemist,  Pennsylvania  Sugar  Refining  Co.,  Cini 

Mich. 

27.  De  Coninck,  Frank,  102  Ellis  street,  San  Francisco,  Cal. 

28.  Dennis,  Louis  Munroe,  Ithaca,  N.  Y. 

29.  Diehl,  O.  C,  Detroit,  Mich. 

30.  Doolittle,  R  E.,  Lansing,  Mich.  I 

31.  Dudley,  Wm.  L.,  Nashville,  Tenn.  ! 

32.  Eccles,  R  G.,  Brooklyn,  N.  Y. 

33.  Eckart,  Charles  F.,  Honolulu,  HaWaiL 

34.  Eddy,  W.  C,  Norfolk,  Nebraska. 

35.  Ehlert,  T.  G.,  Rochester,  Mich. 

36.  Fields,  John,  Stillwater,  Oklahoma. 

37.  Fitzmaurice,  Charles  Richard,  State  University,  Reno,  Nevada. 

38.  Fraps,  G.  S.,  Raleigh,  N.  C. 

39.  Frear,  Wm.,  State  College,  Penn. 

40.  Fuller,  F.  D.,  Geneva,  N.  Y. 

41.  Getz,  Wm.  H.,  1141  Market  street,  St.  Louis,  Mo. 

42.  Glenk,  Robert,  Audubon  Park,  New  Orleans,  La. 

43.  Goessmann,  C.  A.,  Amherst,  Mass. 

44.  Goss,  Arthur,  Mesilla  Park,  New  Mexico. 

45.  Gough,  T.  R,  College  Park,  Md. 

46.  Graham,  R.  O.,  Bloomington,  111. 

47.  Hare,  R  F.,  Mesilla  Park,  New  Mexico. 

48.  Harrington,  H.  H.,  College  Station,  Texa^. 

49.  Harris,  Isaac  F.,  New  Haven,  Conn. 

50.  Harrison,  J.  B.,  Government  Analyst,  Georgetown,  Demerara,  BritiA 

Guiana. 

51.  Haskins,  Henri  D.,  Amherst,  Mass. 

52.  Hawk,  P.  B.,  New  York,  N.  Y. 
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53-  Hcileman,*  W.  H.,  Bureau  of  Soils,  U.  S.  Department  of  Agriculture, 

Washington,  D.  C. 
54.  Hendelson,  Hans,  Great  Western  Sugar  Co.,  West  Bay  City,  Mich. 
55-  Herlitschka,  Gustave,  West  Bay  City  Sugar  Co.,  West  Bay  City,  Mich. 

56.  Herty,  Chas.  H.,  Athens,  Georgia. 

57.  Hibbard,  P.  L.  Waukegan,  111. 

58.  Hills,  Joseph  L.,  Burlington,  Vt. 

59.  Hiltner,  R.  S.,  Lincoln,  Nebraska. 

60.  Holland,  Edward  B.,  Amherst,  Mass. 

61.  Hopkins,  Cyril  G.,  Urbana,  111. 
fa.  Home,*  W.  D.,  Yonkers,  N.  Y. 

63.  Howard,  S.  Francis,  Massachusetts  Agricultural  College,  Amherst, 

Mass. 

64.  Hurty,  J.  N.,  Indianapolis,  Ind. 

65.  Huston,  H.  A.,  Lafayette,  Ind. 

66.  Hutchings,*  R.  J.,  Chemist,  Utah  Sugar  Co.,  Lehi,  Utah. 

67.  Hymer,  Otis,  Lincoln,  Nebraska. 

68.  JaflFa,  M.  E.,  University  of  California,  Berkeley,  Cal. 
69.*Kedzie,  R.  C,  Agricultural  College,  Mich. 

70.  Kedzie,  Frank  S.,  Lansing,  Mich. 

71.' Kinnicutt,  Leonard  P.,  Polytechnic  Institute,  Worcester,  Mass. 

73.  Knight,  O.  W.,  Bangor,  Maine. 

73.  Knisely,  A.  L.,  Corvallis,  Oregon. 

74.  La  Bach,  J.  O.,  Agricultural  Experiment  Station,  Lexington,  Ky. 

75.  Ladd,  £.  F.,  Agricultural  College,  North  Dakota. 

76.  Lawson,  William,  Alameda  Sugar  Co.,  Alvarado,  Cal. 

77.  Lazell,  E.  W.,  11 16  Stephen  Girard  Building,  Philadelphia,  Pa. 

78.  Little,  A.  D.,  Little  &  Walker,  Boston,  Mass. 

79.  Long,  J.  H.,  2421  Dearborn  St.,  Chicago,  111. 
8a  Lyon,  T.  L.,  Station  A.,  Lincoln,  Nebraska. 

81.  Love,  E.  G.,  New  York,  N.  Y. 

82.  Macfarlane,  Thomas,  Ottawa,  Canada. 

83.  Magruder,  E.  W.,  Department  of  Agriculture,  Richmond,  Va. 

84.  Marshall,  John,  University  of  Pennsylvania,  Philadelphia,  Pa. 

85.  Masser,  A.  M.,  Los  Alamitos,  Cal. 

86.  Mcllhiney,  Parker  C,  145  E.  23rd  St,  New  York,  N.  Y. 

87.  McDowell,  M.  S.,  State  College,  Pa. 

88.  McFarland,  T.  D.,  Marine  City,  Mich. 

8^  McKellips,  C  M.,  Agricultural  Experiment  Station,  Corvallis,  Oregon. 

90.  McMurtrie,  Wm.,  444  West  End  Ave.,  New  York,  N:  Y. 

91.  Mitchell,  A,  S.,  Milwaukee,  Wis. 

92.  Momo  Cuadrad,  Dr.  Gaston,  Havana,  Cuba. 

93.  Mooers,  Charles  A.,  Knoxville,  Tenn. 

94.  Morse,  Fred.  W.,  Durham,  N.  H. 

95.  Morton,  Henry,  Stevens  Institute  of  Technology,  Hoboken,  N.  J. 

96.  Mtidge,  Charles  W.,  Agricultural  Experiment  Station,  Geneva,  N.  Y. 
•  DcocMed. 


(3o) 

97.  Nicholson,  H.  H.,  Lincoln,  Nebraska. 

98.  Patterson,  H.  J.,  Agricultural  Experiment  Station,  College  Pvk,  Md. 

99.  Pearce,  J.  A.,  Watsonville,  Cal. 
100.  Peratta,  Arthur  A.,  Benton  Harbor,  Mich, 
loi.  Perkins,  W.  R.,  Agricultural  College,  Miss. 

102.  Peter,  Alfred  M.,  Agricultural  Experiment  Station,  Lexington,  Kj.  | 

103.  Peters,  Charles  A.,  University  of  Idaho,  Moscow,  Idaho.  | 

104.  Pety,  Henry,  180  Hawley  St.,  Binghampton,  N.  Y.  | 

105.  Pond,  G.  G.,  State  College,  Pa. 

106. -Prescott,  Albert  B.,  Ann  Arbor,  Mich. 
107.  Price,  T.  M.,  College  Park,  Md. 

106.  Purenton,  D.  B.,  W.  Va.  University,  Morgantown,  W.  Va. 

109.  Redding,  R.  J.,  Agricultural  Experiment  Station,  Experiment,  Ga. 
no.  Richards,  Edgar,  341  West  88th  St,  New  York,  N.  Y. 

111.  Richardson,  Clifford,  Long  Island  City,  N.  Y. 

112.  Robb,  J.  Bernard,  College  Park,  Md. 

113.  Rogers,  Allen,  3605  Locust  St.,  Philadelphia,  Pa. 

114.  Sabin,  A.  H.,  Long  Island  City,  N.  Y. 

115.  Schwarz,  Dr.  H.  P.,  American  Beet  Sugar  Co.,  Rockyford,  Col. 

116.  Scovell.  W.  H.,  Agricultural  Experiment  Station,  Lexington,  Ky. 

117.  Sharpies,  S.  P.,  Boston,  Mass. 
iia  Shaw,  G.  W.,  Berkeley,  Cal. 

119.  Shepard,  Jas.  H.,  Brookings,  South  Dakota. 

120.  Shutt,  Prank  T.,  Dominion  Experiment  Farms,  Ottawa,  Canada. 

121.  Skinner,  W.  W.,  Tucson,  Arizona. 

122.  Smith,  E.  E.,  26  E.  29th  St.,  New  York,  N.  Y. 

123.  Smith,  Bernard  H.,  Woodbine,  N.  J. 

124.  Smith,  L.  H.,  Agricultural  Experiment  Station,  Urbana,  III. 

125.  Spencer,  G.  L.,  U.  S.  Department  of  Agriculture,  Washington,  D.  C 

126.  Springer,  Alfred,  312  East  2nd  St,  Cincinnati,  Ohio. 

127.  Stebbins,  James  H.,  Jr.,  New  York,  N.  Y. 

128.  Straughn,  M.  N.,  College  Park,  Md. 

129.  Striithers,  D.  H.,  Kalamazoo  Beet  Sugar  Co.,  Kalamazoo,  Micfa. 

130.  Stubbs,  Wm.  C,  Sugar  Experiipent  Station,  Audubon  Park,  New 

Orleans,  La. 

131.  Stuhr,  L.  B.,  American  Beet  Sugar,  Co.,  Rockyford,  CoL 

132.  Test,  W.  H.,  Lafayette,  Ind. 

133.  Thatcher,  R.  W.,  Pullman,  Wash. 

134.  Thompson,  John,  Greensboro,  North  Carolina. 

135.  Torrey,  Henry  A.,  Burlington,  Vermont 

136.  Traphagen,  P.  W.,  Bozeman,  Montana. 

137.  Treskow,  P.,  Crockett,  Cal. 

138.  Trowbridge,  P.  P.,  Ann  Arbor,  Mich. 

139.  Tucker,  Willis  G.,  Albany,  N.  Y.  (Albany  Medical  College). 

140.  Tuttle,  F.  E.,  State  College,  Pa. 

141.  Ulmer,*  George  P.,  Arbuckle  Brothers,  Brooklyn,  N.  Y. 

142.  Vr.n  Slyke,  L.  L..  Agricultural  Experiment  Station,  Genevr.  N.  Y. 
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I43-' Vccnhuyzcn,  American  Beet  Sugar  Co.,  Oxncrd,  Cal. 

144.  Vinson,  Albert  £.^  Columbus,  Ohio. 

145.  Voorhces,  E.  B.,  New  Brunswick,  N.  J. 

146.  Vulte,  Hermann  T.,  Teachers'  College,  Columbia  University,  New 

York,  N.  Y. 

147.  Wainwright,  John  W.,  122  Hudson  St.,  New  York,  N.  Y. 

148.  Waller,  Elwyn,  159  Front  St.,  New  York,  N.  Y. 

149.  Weber,  H.  A.,  Columbus,  Ohio. 

150.  Weems,  J.  B.,  Ames,  Iowa. 

151.  Welt,  Dr.  Ida,  128  East  6ist  St.,  New  York,  N.  Y. 

152.  Wesson,  D.,  Savannah,  Georgia. 
'53-  Weston,  David  B.,  Lansing  Mich. 
154.  Wheeler,  H.  J.,  Kingston,  R.  I. 

155-  Whitehill,  A.  R.,  Morgantown,  W.  Va. 

156.  Wiley,  Samuel  W.,  Amherst,  Mass. 

157.  Wiley,  H.  W.,  U.  S.  Department  of  Agriculture,  Washington,  D.  C. 

158.  Willard,  J.  T.,  Agricultural  Experiment  Station,  Manhattan,  Kansas. 

159.  Wilson,  Nathaniel  E.,  Agricultural  Experiment  Station,  Reno,  Nevada. 

160.  Winton,  A.  L.,  New  Haven,  Conn. 

161.  Witthaus,  R.  A.,  First  Avenue  and  28th  St.,  New  York,  N.  Y. 

162.  Wolfe,  W.  W.,  Lyons,  New  York. 

163.  Woll,  F.  W.,  Madison,  Wis. 

164.  Woodman,  Durand,  New  York,  N.  Y. 

165.  Woods,  Charles  D.,  Agricultural  Experiment  Station,  Orono,  Maine. 

166.  Wrampelmeier,  T.  J.,  328  Montgomery  St.,  San  Francisco,  Cal. 

167.  Wyatt,  Francis,  National  Brewers'  Academy,  39  S.  William  St.,  New 

York,  N.  Y. 

Comments  Made  by  Adhesionisis  who  Signed  with  a  Reservation, 

1.  Heileman,  W.  H.  In  No.  8  of  the  resolutions  I  should  like  to  have 
seen  mercuric  nitrate  retained  as  a  clarifying  reagent  My  experience 
with  milk  analysis  (milk-sugar)  proves  this  reagent  to  be  almost  indis- 
pensable on  some  samples. 

2.  Home,  .W.  D.  In  giving  my  adhesion  to  the  proposed  new  regula- 
tions for  polarizing  sugars,  I  wish  to  suggest  a  modification  of  clause  6 
Instead  of  taking  the  so-called  mean  of  several  independent  readings  I 
prefer  to  prove  the  correctness  of  one  reading  by  the  following  metiiod. 
I  make  my  reading  as  close  as  possible  and  then  I  set  the  instrument  oj2* 
higher  and  look  at  the  field  which  should  now  appear  appreciably  too  high. 
Then  I  set  the  scale  0.2^  below  the  supposed  correct  point  and  read  again. 
The  field  should  now  appear  appreciably  too  low  and  further  it 
should  appear  just  as  much  too  low  as  the  preceding  reading 
seemed  too  high.  I  find  this  both  practicable  and  safe,  having  employed 
it  for  several  years  in  all  my  readings  and  in  my  assistants'  work.  It  is 
more  accurate  than  averaging  readings  for  a  man  might  always  be  0.1 
out  on  the  average  if  his  readfngs  happened  to  all  fall  0.1  high  or  all  0.1 
low.  but  by  my  method  if  he  is  o.i  too  high  at  first  his  second  reading  will 
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put  htm  0.3  too  high  and  his  third  reading  only  0.1  too  low,  a  discrepancy 
which  is  easily  observed.  He  then  knows  his  first  reading  to  be  incorrect 
and  can  try  a  reading  0.1  lower,  with  its  suitable  checks  above  and  befev. 

3.  Hutchings,  R.  J.  I  have  thoroughly  examined  your  circular  gottca 
up  by  the  International  Committee  for  Unifying  Methods  of  Sugar 
Analysis  and  they  are  very  satisfactory  to  us  with  the  exceptions  of  the  first 
and  second  paragraphs ;  our  water  being  14*  to  15*  C.  we  could  not  adopt 
the  20^  C. 

4.  Ulmer,  Geo.  F.  While  I  favor  all  the  rules  adopted  by  the  Inter- 
national Committee  for  the  Unification  of  Sugar  Analysis  at  the  prescaft 
time  I  could  hardly  agree  to  the  first  and  second  articles  inasmudi  as  07 
polariscopes  are  graduated  at  17.5°  C,  and  there  is  considerable  variatioa 
in  the  temperature  of  the  laboratory. 

BCLGIUM. 

1.  Delville,  Eduard,  rue  de  Monnel  12,  Toumai. 

2.  Desmurs,  Jules,  rue  Suderman  22,  Anvers. 

3.  Hanuise,  Edouard,  rue  Hotel  des  Monnaies  54,  Saint  Gilles. 

4.  Lembourg,  Edouard,  a  Qui^vrain. 

5.  van  Melckebeke,  Ed.,  Aven.  des  Arts  22.  Anvers. 

6.  de  Puydt,  Julien,  rue  de  la  Constitution  76,  Anvers. 

7.  Sachs,  Frangois,  rue  d'Allemagne  63,  Bruxelles. 

S.  Xhoneux,  Pierre,  Docteur  en  Sciences,  Andcrlecht,  rue  Waycz  17a 

BRITISH    C  LI  AN  A. 

I.  Vonziegesar,  H.  K.  L.,  Analytical  Chemist  and  Sugar  Manufoctura; 

Georgetown,  Waterloo  Street  157. 

GERMANY. 

1.  Ahrens,  Dr.  C,  Inhaber  Dr.  Gilbert's  Oeffentl.  chem.  LaboratoriniB, 

Hamburg.  Deichstr.  2. 

2.  Alberti  &  Hempel,  Hamburg.     (Dr.  Herrmann.) 

3.  Alberti  &  Hempel,  Magdeburg.     (Dr.  Peters,  Dr.  Luhe.) 

4.  Brinkmann,  Dr.,  Danzig,  Hundegasse  109. 

5.  Creydt,  Dr.  Robert,  Magdeburg. 

6.  Drenckmann,  Dr.  Bruno,  Halle  a.  S. 

7.  Eckleben,  Selmar,  Danzig. 

a  Friihling,  Dr.  R.  and  Dr.  Julius  Schulz,  Inh.  Prof.  Dr.  Fruhling  and 

Dr.  Adalb.  Rossing,  Magdeburg. 
9.  Gotting,  Dr.  Gustav,  Breslau. 
la  Haegele,  Dr.  E.,  Danzig,  Hundegasse  51. 

II.  Hans,  Wilh.,  Danzig,  Hundegasse  109. 

12.  Heyer,  Prof.  Dr.  Carl,  Dessau. 

13.  Herzfeld,  Prof.  Dr.  A.,  Berlin  N.,  Invatidenstrasse  42. 

14.  Komoll,  Dr.  E.»  Magdeburg. 

15.  Koppen,     Dr.     O.,     beeidigter     Handelschemiker,     Hamburg,     Neoe 

Groningerstr.  4. 

16.  Kossak,  Dr.,  i.  F.  Dr.  Brockhoff  k  Ehrecke,  Magdeburg. 
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17.  Langfurth,  Dr.  Ad.,  Altona. 

18.  Marzahn,  R.,  i.  P.  Dn  Heyer,  Dessau. 

19.  Pieper,  Dr.  Oscar,  Hamburg,  Neue  Groningerstrasse  4. 

20.  Schulz,  Dr.  Julius,  Magdeburg,  i.  P.  Oeffeatl.  chem.  Laboratorium 

Dr.  Hugo  Schulz. 

31.  Stegelitz,  Dr.  Paul,  staatl.  qual.  Nahrungsmittelchemiker,  Magdeburg, 
Purstenwallstr.  15. 

aa.  Thiele,  Dr.  A.,  Magdd>urg,  i.  P.  Dr.  Rudolph  MuUer's  Handelslabora- 
torium. 

as.  Weiss,  Dr.  G.,  beeidigter  Handelschemiker,  Hamburg,  Brandswiete  46. 

a4.  Wendel,  Dr.  Otto,  Magdeburg,  i.  P.  Oeffentl.  chem.  Laboratorium  Dr. 
Hugo  Schulz. 

as.  Woy,  Dr.  Rudolf,  Breslau. 

a6.  Priedrich,  Dr.  Ottomar,  i.  P.  Dr.  Priedrich  and  Dr.  Ross^e,  Braun- 
schweig. 

37.  Ross^  Dr.  Willy,  i.  P.  Dr.  Priedrich  and  Dr.  Ross6e,  Braunschweig, 
Tumierstr.  2. 

ENGLAND. 

1.  Biggart,  J.  W.,  (I^essrs.  McCowan  &  Biggart,  Official  Chemists  to  the 

Beetroot  Association). 

2.  Pairrie,  Henry,  (Messrs.  Pairrie  &  Co.  Ltd.). 

3.  Macdonald,  J.  W.,  (Messrs.  Henry  Tate  &  Sons,  Ltd.). 

4.  Stein,  Sigmund,  (Messrs.  Crosfield,  Barrow  &  Co.). 

5.  Thompson,  W.,  (Messrs.  The  Sankey  Sugar  Co.). 

6.  Watt,  Alexander,  (Messrs.  Macfie  &  Sons). 

The  chemists  here  named,  at  a  meeting  held  March  8,  igcSi,  agreed  to 
use  the  methods  of  the  commission  with  the  reservation  that  when  invert 
sugar  does  not  exceed  0.25  per  cent,  it  is  to  be  determined  vplumetrically. 

HOLLAND. 

I.  Brunings,  C.  L.,  Scheikundige  Suikerfabriek,  "Holland",  te  Halfweg  oy 

Haarlem. 
a.  Ekenstein,  van,  W.,  Alberda,  Amsterdam. 

3.  (kx>ssen8.  A.,  Scheikundige,  Zevenbergen. 

4.  Ketel,  van,  B.  A.,  Scheikundige,  Amsterdam,,  Brouwersgracht  56. 

5.  Leeuwen,  Docters  J.  van,  Amsterdam,  Nicolaas  Witsenstraat  i. 

6.  Loon,  van.  Dr.  J.,  Technoloog.  Steenbergen. 

7.  Roos,  van  Hamel,  Dr.  P.  P.,  Adviseur  voor  scheikundige  en  hygienische 

Zaken  van  hethuis  «^n  H.  M.  de  Koningin,  Amsterdam,  Keizers- 
gracht  291. 
81.  Sleen,  van  der,  N.,  Scheikundige,  Haarlem,  Oude-gracht  47. 

AUSTUA-HUNGAEY. 

I.  Barta,  Gustav,  Frag. 

a.  Bemheimer,  Dr.  Oscar,  Wien. 

3.  Blumenfeld,  Dr.  J.,  Briinn. 

4.  Boschtschik,  C,  Briinn. 
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5.  Dafert.  Dr.  R  W.,  Director  der  K.  K.  landw.  chem.  Versadisstation, 

Wien. 

6.  Fallada.  O.,  Wien. 

7.  Friedrich,  Dr.  H.,  Prag. 

8.  Graeger,  P.,  Prag. 

9.  H cries,  Franz,  Prag. 

10.  Hodek,  J.,  Prag. 

11.  Jettmar,  J.,  Koniggratz. 

12.  Jolles,  Dr.  Ad.,  Wien. 

13.  Klaudy,  Josef,  Prag. 

14.  Koblic,  Josef,  Prag. 

15.  Kruis,  J.,  Prag. 

16.  Kucera,  F.  L.,  Prag. 

17.  Liebermann,  Prof.  Dr.  L.,  Director  d.  kgl.  ungar.  chem.  Staatsver- 

suchsanstalt  in  Budapest. 

18.  Mansfeld,  Dr.  ivi.,  Wien. 

19.  Neumann,  K.  C,  Prag. 

20.  Neumann,  Dr.  S.,  Budapest. 

21.  Nevole,  Dr.  M.,  Prag. 

22.  Poledne,  Job.,  Prag. 

23.  Schiff,  Dr.  Felix,  Wien. 

24.  Stein,  A.,  Prag. 

25.  Stift,  A.,  Wien. 

26.  Strohmer,  F..  K.  K.  Regierungsrath,  Director  der  Versuchsstation  des 

Centralvercins  fiir  Riibenzuckerindustrie  in  Wien. 

27.  Szilasi,  Dr.,  &  Bernauer,  Budapest. 

28.  Telbisz,  Dr.  Job.,  Budapest. 

29.  Volker,  Dr.  O.,  Kolin. 

30.  Weinwurm,  S.,  Wien. 

31.  Weiss,  J.  J.,  Prag. 

32.  Willigk,  Th.,  Prag. 

NEW  MEMBERS  ELECTED  BETWEEN  DECEMBER  26,   I9O2,  AND  JAN- 
UARY 24,   1903. 

Apfel,  Philip  F.,  107  N.  51st  Court,  Chicago,  111. 

Arnold,  Edward  E.,  55  Canal  St.,  Providence,  R.  I. 

Baur,  H.  F.,  1351  E.  Sunnyside  Ave.,  Chicago,  111. 

Brenke,  G.  A.,  75  Wells  St.,  Chicago,  111. 

Bryant,  George  O.,  Saylesville,  R.  I. 

Capen,  George  H.,  Canton  Junction,  Mass. 

Cappell,  Walter,  238  Gilman  Ave.,  Cincinnati,  O. 

Carroll,  Charles  Geiger,  Georgetown,  Texas. 

Cary-Curr,  Henry  J.,  143  E.  Lake  St.,  Chicago,  111. 

Clarke,  Charles  H.,  Grace  Mine,  Ont.,  via  Michipicoten  River. 
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Cottrell,  F.  G.,  University  of  California,  Berkeley,  Cal. 

Dodd,  Louis  C,  Snow  Steam  Pump  Works,  Buffalo,  N.  Y. 

Du  Pont,  Francis  I.,  Wilmingfton,  Del. 

Durkee,  Myron  Clark,  386  Bergen  Ave.,  Jersey  City,  N.  J. 

Fairchild,  B.  F.,  56  Laiglie  St.,  New  York,  N.  Y. 

Faman,  Earl  Frederic,  26  Grand  Ave.,  Chicago,  111. 

Farrington,  Charles  E.,  170  Summer  St.,  Boston,  Mass. 

Fraunfelder,  Lewis  D.,  875  Main  St.,  Buffalo,  N.  Y. 

Fry,  Harry  Shipley,  2539  Stanton  Ave.,  Cincinnati,  O. 

Gilbert,  Frederick  Chester,  Eilers  Plant,  Pueblo,  Colo. 

Haff,  Max  M.,  Box  340  Niagara  Falls,  N.  Y. 

Hance,  Harry  T.,  1093  E.  Long  St.,  Columbus,  Ohio. 

Harriman,  Caleb  S.,  North  Wilmington,  Mass. 

Hartmann,  Ferdinand  J.,  906-910  Sycamore  St.,  Cincinnati,  O. 

Hodgen,  Jos.  Duprey,  1005  Sutter  St.,  San  Francisco,  Cal. 

Holm,  M.  L.,  Northwestern  Univ.  Bldg.,  39  Dearborn  St., 
Chicago,  111. 

Ireland,  W.  G.,  1597  Jackson  Boulevard,  Chicago,  111. 

Ittner,  Martin  Hill,  care  Colgate  &  Co.,  Jersey  City^  N.  J. 

Jones,  Harry  C,  Johns  Hopkins  Univ.,  Baltimore,  Md. 

Kofoid,  R.  N.,  44  Lewis  Block,  Buffalo,  N.  Y. 

Lachman,  Charles,  1732  Pacific  Ave.,  San  Francisco,  Cal. 

Lawrence,  John  Whitaker,  3943  Indiana  Ave.,  Chicago,  111. 

Locke,  James,  Massachusetts  Institute  of  Technology,  Boston, 
Mass. 

Mannhardt,  Hans,  1406,  103  State  St.,  Chicago,  111. 

Martin,  L.  W.,  Lynchburg,  Va. 

Mihalovitch,  Sidney  F.,  514  Pearl  St.,  Cincinnati,  O. 

Ober,  Julius  E.,  748  Tremont  St.,  Boston,  Mass. 

Pfiffer,  Albert  George,  155  E.  75th  St.,  New  York,  N.  Y. 

Pickard,  Glenn  H.,  400  Manhattan  Ave.,  New  York. 

Porter,  Albert  B.,  1232  Forest  Ave.,  Evanston,  111. 

Price,  Robert  Coleman,  Blacksburg,  Va. 

Riley,  William  Calvin,  33  Flood  Building,  San  Francisco,  Cal. 

Robertson,  J.  H.,  535  Garfield  Bldg.,  Chicago,  111. 

Rockwell,  George  Ward,  Sault  Ste.  Marie,  Ont. 

Schmitt,  Walter,  584  W.  Chicago  Ave.,  Chicago,  111. 

Sullivan,  Arthur  L.,  Durham,  N.  H. 

Van  Wilson,  Raymond,  2400  Ridge  Road,  Berkeley,  Cal. 
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Wilding,  Wilbur  S.,  New  York  University,  University  Heights^ 
New  York,  N.  Y. 
Zabriskie,  Christopher  B,.  loo  William  St.,  New  York,  N.  Y. 

CHANGES  OF  ADDRESS. 

Abbott,  F.  L.,  Box  71,  Mt.  Vernon,  O. 

Arsem,  Wm.,  8  Martin  St.,  Schenectady,  N.  Y. 

Bennett,  Frank  W.,  26  Broad  St.,  Boston,  Mass. 

Goodmar,  Julian  H.,  Yorkshire  Collie,  Leeds,  England. 

Gruener,  Hippolyte,  43  Knox  St.,  Cleveland,  O. 

Guiterman,  E.  W.,  Supt.  Passaic  Print  Works,  Passaic,  N.  J. 

Kiessig,  C.  H.,  96  Maiden  Lane,  N.  Y.  City. 

Marshall,  John,  Dept.  of  Medicine,  Univ.  of  Pennsylvania, 
Philadelphia,  Pa. 

Melcher,  Arthur  C,  58  Bowen  St.,  Newton  Centre,  Mass. 

Neher,  F.,  care  Library  of  Princeton  University,  Princeton,  N.J. 

Pierson,  W.  C,  210  Woodward  Ave.,  Atlanta,  Ga. 

Rudnick,  Paul,  4956  Vincennes  Ave.,  Hyde  Park,  Chicago,  IH 

Runyan,  E.  G.,  Hutchin's  Bldg.,  loth  and  D.  Sts.,  N.  W.,  Wash- 
ington, D.  C. 

Rust,  Robert  R.,  care  of  Prime  Western  Spelter  Co.,  Gas,  Kans. 

Saxe,  S.,  107  Manhattan  Ave.,  N.  Y.  City. 

Sharpies,  Philip  P.,  26  Broad  St.,  Boston,  Mass. 

Sharpies,  Stephen  P.,  26  Broad  St.,  Boston,  Mass. 

Thompson,  Firman,  State  College,  Pa. 

Tolman,  L.  M.,  1900  3rd  St.,  N.  W.,  Washington,  D.  C. 

Turner,  H.  J.,  Oak  Lane,  Philadelphia,  Pa. 

Vorce,  Lafayette  D.,  Waller  St.,  Dakota,  111. 

Wakeman,  Alfred  J.,  Green's  Farms,  Conn. 

ADDRESS  WANTED. 

Batchelder,  G.  N.,  formerly  of  Box  241,  Oxnard,  Cal. 

DECEASED  MEMBER. 

Charles  Martin  Still  well  died  January  11,  1903,  at  his  home  in 
Brooklyn.  He  has  been  for  twenty-five  years  a  member  of  die 
firm  of  Stillwell  &  Gladding,  the  oldest  firm  of  analytical  chemists 
in  New  York  City. 


(37) 
MEETINGS  OF  THE  SECTIONS. 

CINCINNATI  SECTION. 

Since  last  reported  the  meetings  of  the  Cincinnati  Section  have 
been  as  follows : 

Ninety-fourth  meeting,  October  8th:  "An  Examination  of 
Podophyllin,"  by  H.  M.  Gordin  and  C.  G.  Merrell;  read  Dy 
Holland  H.  French.  "Ana-  and  Meta-bromtetrahydroquinoline/' 
by  G.  A.  Gray.  "A  Chemical  Method  for  Determining  the 
Quality  of  Limestones,"  by  Al  f  red  M .  Peter ;   read  by  Thomas  Evans. 

Ninety-fifth  meeting,  November  12th :  "The  Action  of  Methyl 
Magnesium  Iodide  upon  Azoxybenzene,"  by  Thomas  Evans. 

Ninety-sixth  meeting,  December  loth  (annual  meeting)  :  "On 
the  Need  of  a  More  Careful  Chemical  Supervision  of  Municipal 
Supplies,"  by  L.  L.  Watters,  of  New  York ;  read  by  the  secretary. 

At  the  annual  meeting  the  following  officers  for  1903  were 
elected :  President,  H.  E.  Newman ;  Vice-Presidents,  J.  Everhard 
Weber  and  Sigmund  Waldbott ;  Secretary,  J.  F.  Snell ;  Treas- 
urer, B.  M.  Pilhashy ;  Executive  Committee,  F.  J.  Baringer,  J.  W. 
EUms  and  T.  D.  Wetterstroem ;  Representative  in  the  Council, 
Thomas  Evans. 

With  a  view  to  increasing  the  general  interest  of  the  meetings 
of  the  Section  it  has  been  decided  to  have  presented  at  each  meet- 
ing of  the  present  year  a  review  of  the  most  important  advances 
in  chemistry  described  in  the  literature  of  the  preceding  month. 

J.  p.  SifSLLt  Seertiary. 
NORTHEASTERN  SECTION. 

The  fortieth  regular  meeting  of  the  Northeastern  Section  was 
held  at  the  "Tech.  Union",  Boston,  at  8.00  p.m.,  December  19. 
1902,  President  A.  H.  Gill  in  the  chair.  About  150  members 
were  present.  Dr.  Carl  Otto  Weber,  of  Manchester,  England, 
gave  a  very  interesting  talk  on  "India  Rubber,  Its  Chemical  and 
Technical  Problems",  in  which  he  discussed  the  preparation  of 
crude  rubber  from  the  milk  as  it  comes  from  the  trees ;  the  compo- 
sition of  crude  rubber;  the  chemical  constitution  of  polyprene, 
(C,oHie)„,  the  chief  constituent  of  rubber;  possible  methods  for 
the  synthetical  pret)aration  of  rubber;  vulcanization,  etc.,  showing 
how  theoretical  considerations  can  be  applied  to  the  solution  of 
the  many  technical  problems  which  arise  in  the  manufacture  of 
nibber  goods. 

.Arthur  M.  Comky,  Secretary. 
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PIIIUADELPHIA  SECTION. 

At  the  meeting  of  the  Philadelphia  Section  of  the  American 
Chemical  Society  on  October  i6th,  John  Marshall  was  elected 
presiding  officer  to  fill  the  vacancy  caused  by  the  resignation  of 
Henry  Leffmann.  George  Auchy  presented  a  paper  on  "The 
Rapid  Determination  of  Molybdenum  in  Steel." 

At  the  meeting  of  the  Section,  on  November  20th,  John  Mar- 
shall and  H.  W.  Jayne  were  elected  councilors  for  the  ensuing  year. 

P.  A.  Maignen  presented  a  paper  on  "The  Purification  of 
Water." 

At  the  meeting,  of  the  Section  on  December  i8th  D.  K. 
Tuttle  presented  a  paper  on  "The  Methods  for  Refining  the 
Precious  Metals  in  Use  at  the  Mint." 

J.  Merritt  Matthews  outlined  "The  Taylor  Process  for  the 
Manufacture  of  Butter  by  Absorbing  the  Watery  Portions  of  the 
Cream." 

p.  B.  DODOB.  S§»S»J. 

CHICAGO  SECTION. 

The  December  meeting  of  the  Section  was  held  in  the  rooms  of 
the  Chicago  Drug  Trade  Club,  on  the  eveningof  December  loth, at 
which  time  a  very  interesting  informal  talk  was  given  by  William 
Hoskins  on  the  "Electrolytic  Manufacture  of  Carbon  Bisulphide." 

The  January  meeting  (annual)  was  held  at  the  above-named 
place  on  the  evening  of  the  14th  inst.  Dr.  J.  H.  Long,  president 
of  the  Society  at  large,  gave  a  very  entertaining  and  interesting 
synopsis  of  the  transactions  of  the  twenty-seventh  annual  meeting 
of  the  Society  held  at  Washington,  D.  C.  The  following  officers 
were  also  elected  for  the  ensuing  year :  Chairman,  W.  A.  Puckncr ; 
Vice-President,  Prof.  Alex  Smith;  Secretary,  W.  A.  Converse: 
Treasurer,  C.  W.  Patterson;  Member  of  Executive  Committee, 
S.  T.  Mather;  Councillors,  Edw.  Gudeman  and  W.  A.  Converse, 

W.  A.  GomncmsB.  Stentoj. 
WASHINGTON   SECTION. 

At  a  recent  meeting  the  following  officers  were  elected :  Presi- 
dent, Frank  K.  Cameron;  First  Vice-President,  E.  E.  Ewdl; 
Second  Vice-President,  S.  S.  Voorhees;  Treasurer,  F.  P.  Dewey; 
Secretary,  J.  S.  Burd.  These  officers  with  the  following  cmsti- 
tute  the  Executive  Committee:  W.  D.  Bigelow,  L.  S.  Munson, 
L.  M.  Tolman,  W.  F.  Hillebrand,  and  H.  N.  Stdkes. 

h.  S.  M  UNBON.  Seatimy. 
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FIFTH  INTERNATIONAL  CONGRESS  OF  APPLIED 

CHEMISTRY. 

I  have  received  the  following  communication,  dated  December 
3,  1902,  from  Dr.  George  Pulvermacher,  Secretary  of  the  Fifth 
International  Congress  of  Applied  Chemistry  to  be  held  in  Berlin, 
beginning  May  31,  1903,  with  the  request  that  it  be  published  in 
the  JouRNAi,  OP  THE  American  Chemical  Society  : 

"The  preparations  for  the  Fifth  International  Congress  of 
Applied  Chemistry,  which  will  meet  in  Berlin  during  Whitsuntide 
of  this  year  and  which  will  be  the  first  of  its  kind  on  German  soil, 
are  advancing  in  a  satisfactory  manner.  All  expectations  with 
reference  to  a  successful  session  will  no  doubt  be  fulfilled  to  the 
greatest  degree.  The  membership  of  the  general  committee  and 
the  organization  committee  has  increased  to  about  150.  We 
find  as  members  of  the  general  committee  the  Imperial  Chancellor, 
all  the  secretaries  of  the  various  States  and  individual  members  of 
the  same,  the  presidents  of  the  Imperial  Health  Department,  of 
the  Patent  Office  as  well  'as  the  Imperial  Insurance  Department, 
the  ministers  of  the  German  Confederate  States,  almost  all  Prus- 
sian provincial  ministers,  representatives  of  many  Prussian 
authorities  and  representatives  of  all  German  Confederate  States. 
Furthermore,  twelve  members  of  the  high  courts,  six  members  of 
the  municipal  council  and  common  council,  with  the  Chief  Burgo- 
master and  presiding  officer  of  the  common  council  at  the  head, 
and  numerous  representatives  of  various  industries. 

"About  60  of  the  most  prominent  representatives  of  German 
science  and  industry  compose  the  Organization  Committee  and 
are  making  the  requisite  arrangements.    An  extensive  fund  for 
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the  expenses  of  the  Congress  has  been  subscribed  and  is  in  tbc 
hands  of  the  treasurer  of  the  Congress,  Deputy  Doctor  Bottinger. 

"The  foreign  States  whose  Gk>vemments  received  notice  of  the 
Congress  through  diplomatic  channels  and  who  were  requested  to 
which  are  in  constant  communication  with  the  Organization  Com- 
mittee in  Berlin.  A  large  attendance  both  from  European  and 
foreign  countries  is  expected. 

"The  work  of  the  Congress  will  be  done  in  ii  sections.  The 
President  of  the  Congress,  Prof.  Dr.  Otto  N.  Witt,  in  conjunctioQ 
with  the  presiding  officers  of  the  individual  sections,  has  fixed  the 
basic  principles  for  the  scientific  arrangement  of  the  Congress. 
The  sections  have  been  divided  as  follows : 

"  ( I )  Analytical  Chemistry,  Apparatus  and  Instruments.  Pre- 
siding officer,  Prof.  Dr.  G.  von  Knorre,  Charlottenburg,  Tcch- 
nische  Hochschule. 

"(2)  Chemical  Industries  of  Inorganic  Products.  Presiding 
officer,  Dr^  Heinecke,  Berlin,  N.  W.,  W^elystr. 

"(3)  Metallurgy  and  Explosives.  Presiding  officer.  Prof.  Dr. 
J.  Weeren,  Charlottenburg,  Stuttgarterplatz,  13. 

"(4)  Chemical  Industries  of  Organic  Products:  (a)  Organic 
Preparations  Including  Tar  Products.  Presiding  officer,  Prof. 
Dr.  H.  Wichelhaus,  Berlin,  N.  W.,  40,  Grosse  Querallec,  i ;  (ft) 
Dyes  and  Their  Application.  Presiding  officer.  Dr.  Lehne, 
Grunewald,  Trabnerstr.,  9. 

"(5)  Sugar  Industry.  Presiding  officer,  Prof.  Dr.  Herzfeld, 
Grunewald,  Gillstr.,  12. 

"(6)  Fermentation  Industries  and  Starch  Manufacture.  Pre- 
siding officer.  Prof.  Dr.  H.  Delbruck,  Berlin,  W.,  15,  Fasanenstr., 
44. 

"(7)  Agricultural  Chemistry.  Presiding  officer.  Prof.  Dr. 
Wagner,  Darmstadt. 

"(8)  Hygiene,  Medical  and  Pharmaceutical  Chemistry,  Foods. 
Presiding  officer,  Dr.  E.  A.  Merck,  Darmstadt. 
'    "(9)  Photochemistry.     Presiding  officer.  Prof.  Dr.  A.  Miedie, 
Charlottenburg,  Kantstr.,  42. 

"(10)  Electrochemistry  and  Physical  Chemistry.  Presiding 
officer.  Dr.  H  .T.  Bottinger,  Elberfeld. 

"(11)  Judicial  and  Economic  Questions  Associated  with  Chem- 
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ical  Industries.    Presiding  officer.  Dr.  C.  A.  Martins,  Berlin,  W., 
9,  Vossstr.,  12. 

"These  sections  have  been  formed  and  have  held  sessions  in 
which  all  matters  placed  before  them  have  been  discussed.  Each 
section  will  submit  certain  questions  of  general  and  international 
importance  for  which  referees  and  co-referees  have  been  appointed 
and  whose  treatment  will  include  a  discussion  as  well  as  an 
eventual  resolution  which  will  be  placed  before  the  Congress  in  its 
final  general  sessicm.  Furthermore,  each  section  has  already  re- 
ceived a  number  of  papers  from  scientists  both  local  and  foreign. 
The  three  general  sessions  will  include  the  official  opening  and 
closing  addresses,  and  a  number  of  detailed  lectures  by  prominent 
representatives  of  the  sciences  and  industries  of  different  countries. 

"A  series  of  especially  important  questions  in  the  field  of 
analytical  chemistry  is  now  under  consideration  by  a  special  inter- 
national commission. 

"A  separate  exhibit  of  apparatus  and  preparations  will  not  be 
held  by  the  Congress.  It  is,  however,  certain  that  the  members 
will  have  numerous  opportunities  to  become  acquainted  with  im- 
provements in  the  various  provinces  of  chemistry.  Lectures 
with  demonstrations  will  be  allowed  ih  the  sessions  of  the  indi- 
vidual sections.  Both  the  general  section  sessions  will  be  held  in 
the  hall  of  the  Reichstag.  Only  Section  lo.  Electrochemistry, 
and  Physical  Chemistry,  will,  on  account  of  the  experiments  con- 
nected with  the  addresses,  hold  its  sessions  in  the  auditorium  of 
the  Physical  Institute. 

•*'A  local  committee  has  been  formed,  of  which  Dr.  J.  F.  Holtz 
is  chairman.  An  extensive  program  of  entertainments  has  been 
prepared.  An  informal  meeting  at  some  suitable  place  has  been 
planned  for  the  evening  of  June  2nd,  after  the  meetinginthehallof 
the  Reichstag.  A  banquet  and  a  commers  will  be  held  during  the 
week.  The  city  of  Berlin  will  give  a  festival  in  honor  of  the 
members  of  the  Congress.  A  performance  at  the  opera  house 
and  a  garden  festival  are  also  planned.  An  excursion  to  various 
points  of  interest  in  the  vicinity  of  Berlin  will  close  the  week. 

"Invitations  to  the  Congress,  which  contain  all  details  of  interest 
to  those  who  will  participate,  will  be  sent  during  January  to  the 
addresses  collected  during  the  last  two  years,  from  all  countries  of 
the  world.    About  50,000  copies  will  be  distributed. 
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"Communicatibtisand'  inquiries  concerning  the  Congress  sbooli 
be  addressed  to  the  bureau,  Charlottenburg,  Marcfastrasse,  21." 

$ince  the  publication  of  t^e  first  list  of  the  American  Committee, 
the  following  ch^gjes  h^ve  been  made ;  M.  E.  Jaffa,  of  the  Uni- 
versity of  California,  present  address  Middletown,  Conn.,  has 
been  appointed  chairman.  o.f  Section  8,  in  place  of  Dr.  W.  0. 
Atwater,  and  Dr.  Leo  Baekcland,  Snug  Rock,  Yonkers,  N.  Y., 
chairman  of  Section.  9^  in  place  of  Dr.  L.  H.  Friedburg. 

Word  has  been  received  irpm  Dr.  Pulvermacber^  Secretary  of 
the  Congress,  that  circulars  of  information,  etc.,  have  been  sent  to 
the  Chairman  of.  the  American  Committee  for  distributioo  to 
interested  American  chemists.  Already  a  list  of  considerable 
magnitude  of  the  names  of.  such  chemists  has  been  conq>iled,  bat 
it  is  far  from  complete.  All  interested  in  receiving  these  circulars 
of  information  should  address  a  request  to  that  effect  to  the  Chair- 
man of  the  American  Committee  on  Organization. 

Intending  members  are  requested  to  send  a  check  for  $4.85  to 
Dr.  H.  W.  Wiley,  who  will  give  a  receipt  therefor  and  transmit 
the  amount  to  Berlin. 

Titles  of  papery  should  be  sent  to  the  American  chairmen  of  the 
various  sectional  committees  (see  this  Journal,.  24,  91,  Proc). 

It  is  hoped  that  the  interest  which  has  already  been  manifested 
by  American  chemists  in  this  congress  will  continue,  and  that 
next  to  Germany  we  riiay  have  the  largest  number  of  members 
enrolled.  H.  W.  Wiley. 


COUNCIL. 

The  Council  has  approved  the  establishment  of  a  local  section  to 
embrace  the  territory  covered  by  a  seventy-mile  radius  from  Pitts- 
burg, Pa.,  and  Blair  Co.,  with  headquarters  at  Pittsburg,  to  be 
known  as  the  Pittsburg  Section.  There  are  now  57  mwnbers 
within  the  territory  specified. 

NEW    MEMBERS    ELECTED   BETWEEN    JANUARY   24,    AI^D    PEBSUASY 

26,  1903. 

Bedford,  F.  A.,  State  Food  and  Dairy  Dept.,  St.  Paul,  Minn. 
Bement,  Alburto,  218  LaSalle  St.,  Chicago,  111. 
Bourne,  Lyman  M.,  120  Huntington  Ave.,  Boston,  Mass. 
Bushong,  F.  W.,  2408  Spencer  Ave.,  Kansas  City,  Kans. 
Canne,  J.  C.  D.,  care  American  Beet  Sugar  Co.,  Oxnard,  CaL 
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Cooper,  Addison,  Jr.,  Vanderbilt  University,  Nashville,  Tenn. 

Costa,  Henry  Charles,  305  Lombard  St.,  San  Francisco,  Cal. 

Craver,  Harrison  Warwick,  Carnegie  Library,  Pittsburg,  Pa. 

Cushing,  Robt.  P.,  care  Kistler,  Lesh  &  Co.,  Lock  Haven,  Pa. 

Dreesbach,  Philip,  294  S.  Water  St.,  Chicago,  111. 

Eckdahl,  W.  P.,  9035  Superior  Ave.,  S.  Chicago,  111. 

Erhart,  Wm.  H.,  81  Maiden  Lane,  New  York  City. 

Ericson,  Eric  John,  91 10  Ontario  Ave.,  Chicago,  111. 

Failyer,  Geo.  PL,  Bureau  of  Soils,  Dept.  of  Agr.,  Washington, 
D.  C. 

Franklin,  Frederick  Hovey,  212  Weybosset  St.,  Providence, R.I. 

Frees,  Herman,  294  S.  Water  St.,  Chicago,  111. 

Gage,  Robert  B.,  325  Water  St.,  Pittsburg,  Pa. 

Gladding,  Thomas  S.,  55  Fulton  St.,  New  York  City. 

Grout,  Frank,  Univ.  of  Minn.,  Minneapolis,  Minn. 

Gulbrandsen,  Sverre,  325  Monmouth  St.,  Gloucester,  N.  J. 

Gutsche,  Edward,  Univ.  of  Minn.,  Minneapolis,  Minn. 

Hancock,  Thomas  J.,  2458  N.  Springfield  Ave.,  Chicago,  111. 

Hodges,  Robert  S.,  University,  Ala. 

Hopkins,  Joseph,  Univ.  of  Minn.,  Minneapolis,  Minn. 

Housum,  Wm.  H.,  Supt.  Tropenas  Dept.,  Am.  Brake  Shoe  and 
Foundry  Co.,  Chicago  Heights,  III. 

Keiter,  J.  Warner,  3131  Garfield  Ave.,  Kansas  City,  Mo. 

Lando,  Max,  Univ.  of  Minn.,  Minneapolis,  Minn. 

Leich,  Herbert,  care  Charles  Leich  &  Co.,  Evansville,  Ind. 

Levi,  Sol.  L.,  1014  N.  Seventh  St.,  Terre  Haute,  Ind. 

Lundahl,  Sam.  A.,252  91st  St.,  Chicago,  111. 

Madison,  Herbert  F.,  806  Mahoning  Ave.,  Youngstown,  O. 

McCormack,  Harry,  820  W.  Calhoun  St.,  Springfield,  Mo. 

McGovney,  Charles  Samuel,  West  Lafayette,  Ind. 

Nef,  J.  Uric,  Univ.  of  Chicago,  Chicago,  III. 

Newfield,  Joseph,  Pinole,  Cal. 

Nilson,  A.,  294  S.  Water  St.,  Chicago,  111. 

North,*H.  B.,  501  N.  Henry  St.,  Madison,  Wis. 

Norton,  John  H.,  1304  W  St.,  Washington,  D.  C 

Rasch,  Christian  A.,  7859  Bond  Ave.,  Chicago,  111. 

Rheinstrom,  Jacob,  910  Sycamore  St.,  Cincinnati,  Ohio. 

Robertson,  Andrew,  2914  E.  Main  St.,  Richmond,  Va. 

Rose,  Arthur  R.,  Univ.  of  Minn.,  Minneapolis,  Minn. 

Russell,  Bert,  Univ.  of  Minn.,  Minneapolis,  Minn. 


J 
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Schmitt,  F.  W.,  Bozeman,  Mont 
Schoen,  Jos.  E.,  711  E.  50th  St,  2nd  Flat,  Chicago,  HI. 
Sctz,  Carl  Fr^enck,  19  Block  Y,  Pueblo,  Colo. 
Skinner,  J.  Jas.,  Goshen  Bridge,  Va. 
Slye,  Ralph,  Univ.  of  Minn.,  Minneapolis,  Minn. 
Smith,  Lillie  C,  911  Boylston  St.,  Suite  4,  Boston,  Mass. 
Steinbacher,  Karl,  148  S.  Seventh  St.,  Irontcm,  O. 
Thevenot,  G.,  294  S.  Water  St.,  Chicago,  111. 
Warville,  Francis  G.,  618  W.  Monroe  St.,  Chicago,  IlL 
Webb,  Edward  Nathan,  144  W.  Ninth  Ave.,  Columbus,  O. 
Weber,  F.  C,  114  E  St.,  N.  E.,  Washington,  D.  C. 
White,  J.  A.,  7650  Bond  Ave.,  Chicago,  111. 
Wilkinson,  Jas.  F.,  344  Whitehall  St.,  Atlanta,  Ga. 
Wolfd,  Herbert  Ehner,  1321  Locust  St.,  Allegheny,  P^ 

CHANGES  OP  ADDRBSS. 

Allen,  Charles  R.,  988  Mass.  Ave.,  Cambridge,  Mass. 

Bahlmann,  Clarence,  3201  Woodbum  Ave.,  Cincinnati,  OUa 

Batchelder,  Gilbert  N.>  Chemist  Kohala  Sugar  Co.,  Kohala, 
Hawaiian  Islands. 

Cox,  Alvin  J.,  Chemisches  Institute,  Breslau,  Germany. 

Davis,  Charles  B.,  220  W.  134th  St.,  New  York  City. 

Dunn,  W.  A.,  Hollywood  Hotel,  Hollywood,  Cal. 

Evans,  Ernest,  National  Steel  Co.,  Zanesville,  Ohio. 

Ferris,  Wm.  S.,  Bureau  of  Soils,  Dept.  of  Agr.,  Wadiingtoo, 
D.C. 

Fitz-Randolph,  R.  B.,  Director  of  State  Lab.  of  Hygiene, 
Trenton,  N.  J. 

Frank,  J.  W.,  29  Broadway,  New  York  City. 

Fudge,  Thomas,  397  Ave.  E.,  Bayonne,  N.  J. 

Gordon,  Frederick  T.,  U.  S.  Naval  Dispensary,  2031  F  St, 
N.  W.,  Washington,  D.  C. 

Guiterman,  E.  W.,  Supt.  Passaic  Print  Works,  Passaic,  N.  J. 

Haynes,  D.  O.,  8  Spruce  St.,  New  York  City. 

Hodgkins,  D.  Harwood,  78  South  St.,  Newark,  N.  J. 

Jones,  L.  J.  W.,  care  Tacoma  Smelting  Co.,  Tacoma,  Wash. 

Kebler,  Lyman,  F.,  Bureau  of  Chemistry,  Washington,  D.  C 

Kedzie,  Frank  S.,  Agricultural  College,  Mich. 

Lagai,  Dr.  G.,  Welling  St,  Richmond  Hill,  N.  Y. 
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Levine,  EH:*iund  J.,  7  Waverly  Place,  New  York  City. 

Lindmueller,  Chas.,  68  S.  Ohio  Ave.,  Columbus,  Ohio. 

Lyon,  D.  A.,  Stanford  University,  Cal. 

Mills,  Jos.  S.,  120  W.  46th  St.,  New  York  City. 

Pritchard,  Fred.  P.,  6441  Jackson  Ave.,  Jackson  Park,  Chicago, 
111. 

Schoonmaker,  H.,  734  W.  Ninth  St.,  Cincinnati,  O. 

Schupphaus,  Robert  C,  i  Maiden  Lane,  New  York  City. 

Schweitzer,  Dr.  Hugo,  427  W.  U7th  St.,  New  York  City. 

Seidensticker,  Lewis  J.,  178  Thornton  St.,  Roxbury,  Boston, 
Mass. 

Thayer,  Harry  S.,  Golden,  Colo. 

White,  J.  A.,  737  Warren  Ave.,  Chicago. 

ADDRESSES  WANTED. 

Collins,  Ward  O.,  formerly  of  141 1  Chicago  Ave.,  Chicago,  111. 
Drake,  C.  F.,  formerly  of  4822  Lake  Ave.,  Chicago,  111. 
Felt,  W.  W.,  formerly  of  7431  Longwood  Ave.,  Chicago,  111. 
O'Connell,  C.  J.,  formerly  of  222  N.  2nd  St.,  Cincinnati,  Ohio. 
Primrose,  H.  W.,  formerly  of  Sheffield,  Ala. 


MEETINGS  OF  THE  SECTIONS. 

NEW  YORK  SECTION. 

The  fifth  regular  meeting  of  the  New  York  Section  was  held 
February  6th,  at  8.15  p.m.,  in  the  Assembly  Hall  of  the  Chemists' 
Club,  108  West  S5th  St. 

The  following  papers  were  presented :  "A  New  Interrupter  for 
Conductivity  Determinations,"  by  L.  Kanolt;  "The  Micro- 
structure  of  Metals  and  Alloys/'  by  William  Campbell ;  "Review 
of  Fischer's  Recent  Work  on  the  Amino-adds,"  by  V.  J. 
Chambers. 

Francis  D.  Dodob,  Seerttaty, 
NORTH  EASTERN  SECTION. 

The  forty-first  regular  meeting  of  the  North  Eastern  Section  was 
held  at  the  Lowell  Building,  Mass.  Inst,  of  Technology,  BostoOy 
Friday,  January  23rd,  at  8  p.m..  President  A.  H.  Gill  in  the  chair. 
Forty-six  members  were  present    Mr.  John  Alden  was  elected 
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councilor  from  this  Section  to  the  American  Chemical  Society. 
The  report  of  the  Auditing  Committee  was  presented  by  Dr. 
Henry  Fay,  and  accepted. 

Mr.  Clifford  Richardson,  of  New  York,  addressed  the  Sectkn 
on  "The  Constitution  of  Portland  Cement  as  Revealed  by  its  Con- 
sideration as  a  Solid  Solution,"  in  which  he  first  reviewed  the 
literature  of  the  subject,  and  showed  that  most  of  the  ideas  on  the 
subject  held  at  the  present  time  were  based  upon  theoretical  con- 
siderations, unsupported  by  chemical  or  mineralogical  study  of 
synthetic  preparations,  of  the  compounds  of  which  the  cement 
clinker  is  supposed  to  be  formed.  The  speaker  then  described 
his  own  work  on  the  preparation  of  a  large  number  of  S3mthet]C 
compounds,  and  the  determination  of  their  optical  properties,  and 
comparison  of  these  with  the  constituents  of  Portland  cement.  Xs 
a  result  of  this  work,  the  general  conclusion  was  drawn  that  the 
industrial  clinker  of  Portland  cement  consists  of  a  solid  solution, 
resembling  an  alloy,  of  dicalcic  aluminate,  Al203,2CaO,  in  tricaldc 
silicate,  Si02,3CaO,  as  a  principal  constituent,  with  one  of  dicalcic 
and  other  dibasic  silicates  in  the  aluminate  and  ferrite  as  the 
secondary  constituents.  The  lecture  was  illustrated  with  several 
lantern  slides,  and  a  large  number  of  thin  sections  were  shown 
under  a  petrographic  microscope. 

AXTHTR  M.  COMKT,  Seottary. 

COLUMBUS  SECTION. 

The  first  regular  meeting  of  the  Columbus  Section  was  hdd 
January  14th,  in  the  office  of  the  Kauffman-Lattimer  Wholesale 
Drug  Co.,  about  20  members  being  present.  Two  papers  were 
presented,  one  by  Dr.  C.  A.  Dye  on  "Microscopical  Examination 
of  Drugs"  and  one  by  Dr.  W.  E.  Henderson  on  "Recent  Work  on 
Radio-Active  Substances." 

The  papers  at  previous  meetings  of  the  season  1902-1903  hare 
been  as  follows:  On  November  5th,  "Testing  Soils,"  by  H.  A 
Weber,  and  "Experience  with  the  Volumetric  Method  for  Deter- 
mination of  Phosphoric  Acid,"  by  Ernest  Bradford ;  on  December 
3rd,  "Recent  Developments  in  Metallurgical  Analysis,"  by  N.  W. 
Lord. 

C.  W.  PoxTUC.  Secrettrr, 


iMued  with  Ai>ril  M  amber,  1903 


Proceedings. 


INTERNATIONAL  COMMISSION  FOR  SUGAR 
ANALYSIS. 

The  name  of  F.  G.  Wiechtnann,  of  the  American  Sugar  Re- 
fining Co.,  Brooklyn,  N.  Y.,  wa5  accidentally  omitted  from  the 
list  of  chemists  who  have  agreed  to  use  the  methods  adopted  by 
^he  commission. 

COUNCIL. 

19BW  MBMBERS  BLBCTBD  BBTWBBN  PBB.   26TH  AND  MARCH  26TH. 

AfiFelder,  O.  L,  1230  Sheffield  St.,  Allegheny,  Pa. 
Alexander,  D.  Basil  W.,  Post  Office  Box  1341,  Denver,  Colo. 
Bailey,  H.  S.,  Argentine,  Kans. 
Bender,  Lowry  D.  W.,  Versailles,  Pa. 
Chamberlain.  G.  D.,  5532  Avondale  Place,  Pittsburg,  Pa. 
Corin,  Magnus  F.,  334  La  Salle  Ave.,  Chicago,  111. 
Cox,  Harry  J.,  59  Washington  St.,  Winchester,  Mass. 
Cox,  Harold  N.,  683  Madison  St.,  Brooklyn,  N.  Y. 
Craver,  Howard  Hunter,  325  Water  St.,  Pittsburg,  Pa. 
Davis,  Charles  N.,  5523  Center  Ave.,  Pittsburg,  Pa. 
Fargo,  L.,  1454  Pulton  St.,  Chicago  111. 
Fisher,  Chester  G.,  4915  Forbes  St.,  Pittsburg,  Pa. 
Foster,  J.  Preston,  Jennings,  La. 
Freund,  Robert  H.,  801  Sutter  St.,  San  Francisco,  Cal. 
Gallup,  Harry  Wallace,  24  Wendell  St.,  Cambridge,  Mass. 
Gerkensmeyer,  H.  H.,  109  S.  Eastern  Ave.,  Joliet,  111. 
Gustafson,  Carl  P.,  Lawrence,  Kans. 
Hanchett,  Arthur  K.,  Big  Rapids,  Mich. 
Hereth,  Frank  S.,  V.  P.  Searle  &  Hereth  Co..  73  Wells  St., 
Chicago,  lU. 

Hite,  Bert  Holmes,  Morgantown,  W.  Va. 
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Holmes,  Fletcher  B.,  1108  Belmont  St.,  Wilkinsbnrg,  Pft. 

Johnson,  Alfred  £.,  9384  6th  Ave.,  Chicago,  111. 

Jumper,  Charles  H.,  11 28  14th  Ave.,  Altoona,  Pa. 

Kent,  James  M.,  M.  T.  High  School,  Kansas  City,  Mo. 

Kingsbury,  Newell  C,  Duquesne,  Pa. 

Kraft,  J.  E.,  loi  Seminary  Ave.,  Chicago,  111. 

Kraus,  Charles  August,  1633  Arch  St.,  Berkeley,  Cal. 

Lewis,  Gilbert  Newton,  7  Fairfax  Hall,  Cambridge,  Mass. 

Mali,  Pierre,  8  Fifth  Ave.,  New  York,  N.  Y. 

Maris,  James  B.,  Vendome  Hotel,  62nd  St.  and  Monroe  Awe, 
Chicago,  111. 

McCabe,  Charles  R.,  2701  Perrysville  Ave.,  Allegheny,  Pa. 

McGee,  Willford  J.,  227  N.  Elmwood  Ave.,  Oak  Park,  111. 

Mills,  W.  Magoon,.56i3  Kimbark  Ave.,  Chicago,  HI. 

Moore,  Milton  J.,  208  Tamsey  Ave.,  Joliet,  111. 
'  Moore,  Stanley  H.,  M.  T.  High  School.  Kansas  City,  Mo. 

Parsons,  Arthur  C,  6040  Ellis  Ave.,  Chicago,  111. 

Peet,  William,  Peet  Bros.  Soap  Co.,  Kansas  City,  Kans. 

Peyser,  Horace  Frederick,  68  W.  47th  St..  New  York,  N.  Y. 

Powers,  Irwin  La  Verne,  106  PetteeSt.,  Providence,  R.  I. 

Rosendale,  Otto  M.,  515  Oregonian  Bldg.,  Portland,  Ore. 

Russe,  Frederick  William,   54  Mt.  Auburn  St.,  Cambridge. 
Mass. 

Scammon,  H.  Leon,  Danforth,  Me. 

Seaton,  F.  H.,  North  Freedom,  Wis. 

Shields,  Samuel  M.,  Duquesne,  Pa. 

Stafford,  Orin  F.,  Eugene,  Ore. 

Strunz,  F.  B.,  672  Summit  Ave.,  St.  Paul,  Minn. 

Taylor,  Francis  Owen,  338  Congress  St.,  E.,  Detroit,  Midi. 

Thomas,  Harry  C,  Braddock,  Pa. 

Thompson,  Eugene  T.,  Braddock.  Pa. 

Vat*  Patten,  E.  B.,  214  N.  State  St.,  Chicago,  111. 

Von  Ende,  Carl  L.,  Post  Office  Box  1831,  Iowa  City,  Iowa. 

Walters,  George  D.,  Clairton,  Pa. 

Wilson,  Fred  J.,  4717  Atlantic  Ave.,  Pittsburg,  Pa. 

Wysor,  Henry,  Duquesne,  Pa. 

Yates.  H,  N.,  208  Bryant  St.,  N.  Towanda,  N.  V. 

CHANGES  OP  ADDRESS. 

Qosson,  C.  D.,  41  State  St.,  care  Winthrop  Drug&ChcoL 
Co.,  Chicago,  111. 
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Dalton,  N.  N.,  Care  Peet  Bros.  Mfg.  Co.,  Kansas  City,  Kans. 

"IDoveton,  Godfrey,  319  Majestic  Bldg.,  Denver,  Colo. 

Famau,  Earl  P.,  26  Grand  Ave.,  Central  Covington,  Coving- 
ton, Ky. 

Ferrero,  Felice,  1441  Clay  St.,  San  Francisco,  Cal. 

Junga,  Adelbert,  649  nth  St.,  Brooklyn,  N.  Y. 

Kern,  Edward  F.,  Care  A.  G.  Betts,  Lansingburgh,  N.  Y. 

Lando,  Max,  936  Beech  St.,  St.  Paul,  Minn. 

Levi,  Sol.  L.,  532  Prospect  Place,  Avondale,  Cincinnati,  O. 

Marsh,  Harry  B.,  New  Britain  High  School,  New  Britain, 
Conn. 

McCullough,  J.  E.,  800  Howard  Ave.,  Altoona,  Pa. 

Meader,  A.  Lloyd,  121  S.  Main  St.,  Henderson,  Ky. 

O'Neill,  James  O.,  620  Walnut  Ave.,  Niagara  Falls.  N.  Y. 

Robertson,  J.  H.,  535  Garfield  Boulevard,  Chicago,  111. 

Schlisinger,  Barthold  E.,  92  Mt.  Vernon  St.,  Boston,  Mass. 

Schtipphaus,  R.  C,  174  Broadway,  New  York,  N.  Y. 

Zoul,  Charles  V.,  Winton  Place,  Hamilton  Co.,  Ohio. 

Worden,  Edward  C,  Chemist  Clark  Thread  Co.,  Newark, 
N.J. 

ADDRBSSBS  WANTBD. 

Carman,  John  S.,  formerly  of  Lihne,  Kanai,  H.  I. 

Cockrill,  Irwin,  formerly  of  Elkhorn,  Mont. 

Dustin,  Guy  R.,  formerly  of  3604  Lake  Ave.,  Chicago,  111. 

Bmmens,  Stephen  H.,  formerly  of  i  Broadway,  New  York. 
N.  Y. 

Hart,  Edwin  B.,  care  Frau Rothschild,  No.  ii  Steinweg,  Mar- 
burg, Germany. 

Hartman,  Wm.  E.,  formerly  of  Kalamazoo  Gas  Works,  Kala- 
mazoo, Mich. 

Heckel,  Frederick  J.,  formerly  of  Box  1201,  Butte,  Mont. 

Hopkins,  Matthew  S.,  formerly  of  Roylston  Flats,  North  and 
Maryland  Ave.,  Baltimore,  Md. 

James,  George  W.,  formerly  care  Richards  &  Co.,  Chicago,  111. 

Lysle,  Walter  S.,  formerly  of  507  W.  112th  St.,  New  York, 
N.  Y. 

Primrose,  H.  W.,  formerly  care  Tenn.  C.  I.  &  R.  Co.,  Sheffield, 
Ala. 

Sims,  Clough  W.,  formerly  of  1706  Polk  Ave.,  Houston,  Texas. 

Terry,  John  P.,  formerly  of  Box  51,  Anaconda,  Mont. 
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MEETINGS  OP  THE  SECTIONS. 

CHICAGO  SECTION, 

The  March  meeting  of  the  Chicago  Section  was  held  at  tbt 
rooms  of  the  Chicago  Drug  Trade  Club,  i8o  E.  Randolph  St, 
Wednesday  evening  the  nth,  at  which  time  a  most  exodfent 
illustrated  paper  was  read  by  Professor  H.  W'  Hillyer,  of  tbt 
University  of  Wisconsin ;  subject  **  An  Interpretation  of  the 
Peculiar  Properties  of  Soap  Solutions  and  a  Suggestion  for  a 
Practical  Soap  Test." 

There  was  also  action  taken  at  this  meeting,  making  the 
Chicago  Section  self-supporting  for  the  ensuing  year,  thereby  not 
depending  upon  the  funds  of  the  Society  at  large.  This  ms 
brought  about  by  receipt  of  voluntary  contributions  from  the 
members  of  the  Section  in  sufficient  amounts  to  cover  legitimate 
expenses. 

CORNELt  SECTION, 

The  first  regular  meeting  of  the  newly  organized  Cornell  Se^ 
tion  was  held  in  Morse  Hall,  Cornell  University,  at  8.00  p.m.,  oo 
December  15th.  The  following  papers  were  read  and  discussed: 
"The  Alloys  of  Lead,  Tin,  and  Bismuth,"  by  Mr.  E.  S.  Shep- 
herd ;  **  The  Determination  of  the  Hydrocarbons  in  Illumlnadi^ 
Gas,"  by  Mr.  J.  G.  O'Neill;  and  "Reductions  with  SolnWc 
Anodes,"  by  Mr.  G.  H.  Burrows. 

The  officers  elected  for  the  year  are  :  President^  Professor  L.  M. 
Dennis  ;  Vice-President^  Professor  W.  D.  Bancroft ;  Secrettfj- 
Treasurer,  Mr.  W.  C.  Geer;  Executive  Committee,  Messrs. 
Dennis,  Bancroft,  and  Geer ;  Ex-officiis,  W.  R.  Omdorff,  J.  E. 
Teeple,  and  J.  G.  O'Neill. 

The  second  regular  meeting  occurred  on  January  12th.  Pio- 
fessor  W.  D.  Bancroft  addressed  the  Section  on  "  The  Theoiyof 
Indicators,"  the  address  being  illustrated  by  a  series  of  ezperi* 
ments  which  were  explained  by  the  theory  of  electrolytic  dissodi- 
tion. 

The  third  meeting  was  held  on  the  evening  of  February  9tL 
The  following  papers  were  read  :  '  *  Some  Properties  of  Hydn>- 
nitric  Acid,"  by  Mr.  A.  W.  Browne;  **  Acetic  Anhydride  and 
Water,"  by  Mr.  V.  H.  Gottschalk,  which  was  presented  by  Pro- 
fessor W.  D.  Bancroft;  and  "Some  Rare  Earth  Picrates,'' bv 
W.  C.  Geer. 


(50 

At  the  business  session  of  the  Section,  Mr.  J.  W.  Schade  was 
elected  member  of  the  Executive  Committee  to  succeed  Mr.  J.  G. 
O'Neill  who  has  left  the  Section.  w. c.  gbbr. seeretaty, 

PITTSBURG  SECTION. 

The  new  Section  met  for  organization  on  March  3rd.  The 
following  officers  were  elected  :  Chairman,  A.  G.  McRenna ; 
Vice- Chairman,  J.  M.  Camp;  Councillor,  F.  C,  Phillips;  Treas- 
urer, H.  C.  Beggs ;  Secretary,  G.  P.  Maury. 

Q.  P.  Maukt,  Seeretaty. 
COLUMBUS  SECTION. 

A  meeting  of  the  Columbus  Section  was  held  on  the  evening  of 
March  4th.  The  following  papers  were  presented :  ' '  Manufacture 
of  Artificial  Sandstone,"  by  S.  V.  Peppel,  and  a  ''Review  of  Re- 
cent Work  on  Silicic  Add,"  by  E.  N.  Webb.  Mr.  PeppePs 
paper  was  of  special  interest,  since  he  is  conducting  an  extended 
investigation  of  the  sand  brick  problem  for  the  Ohio  Geological 
Survey. 

NEW  YORK  SECTION. 

The  fifth  regular  meeting  of  thie  Section  was  held  Friday, 
March  6th,  in  the  Assembly  Hall  of  the  Chemists'  Club,  108 
West  55th  Street.  The  program  for  the  evening  was  as  follows  : 
••  Paints''  (illustrated),  by  Houston  Lowe  :  I,  **  The  Permanent 
Protection  of  Steel  and  Iron"  (illustrated),  II.  '*  The  Chemistry 
and  Physical  Properties  of  Linseed  Oil"  (illustrated),  by  Maxi- 
milian Toch.  FRANCIS  D.  DODOB.  Secretary. 
NORTHEASTERN  SECTION. 

The  forty-second  regular  meeting  of  the  Section  was  held 
Friday,  February  27th,  at  8  o'clock  p.m.,  at  the  **Tech  Union," 
Boston,  President  A.  H.  Gill  in  the  chair.  Seventy  members 
were  present. 

Dr.  S.  P.  MuUiken,  of  the  Massachusetts  Institute  of  Tech- 
nology, addressed  the  Section  on  *  *  How  May  an  Unknown  Organic 
Compound  Best  Be  Identified,"  in  which  he  described  a  scheme 
^irhich  he  has  devised  for  identifying  organic  compounds,  when  in 
the  pure  state.  The  scheme  consists  in  dividing  all  organic  com- 
pounds first  into  orders  according  to  the  elements  contained,  which 
can  be  easily  ascertained  by  qualitative  tests  ;  thus  order  i  com- 
prises all  compounds  containing  C  and  H,  or  C,  H,  and  O  •  nrHer  2, 
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those  containing  N,  etc.  The  orders  are  divided  into  snb-orden 
according  to  color,  and  the  snb-orders  into  genera  according  ts 
special  tests,  thus  the  genera  of  snb-order  i»  coloiiess  componnda 
of  order  i  are  i»  aldehydes  ;  2,  carbohydrates ;  3,  adds ;  4,  pheoo- 
lic  componnds ;  5,  esters ;  6,  add  anhydrides  and  lactones ;  % 
ketones ;  8,  alcohols  ;  9,  hydrocarbons  and  all  other  compoands. 
Special  tests  are  also  given  for  the  individual  spedes  of  each 
genera  so  that  it  is  daimed  that  any  organic  compound  may  be 
accuratdy  identified  in  much  less  time  than  by  determining  the 
composition  by  combustion,  etc.  a&thuk  ic  combt,  ster^my. 

RHODB  ISLAND  SBCTION. 

At  the  regular  meeting  of  the  Section,  February  19,  1903,  Mr. 
A.  H.  Jameson  read  a  paper  on  "The  Manufacture  of  Sted 
Castings  by  the  Tropenas  Sted  Process.*' 

Ckab.  M.  Pbbkt,  Seerdny. 
WASHINGTON  SBCTION. 

A  spedal  meeting  was  held  on  February  5th,  at  whidi  Dr.  ML 
Gomberg  read  a  paper  on  "  Triphenylmethyl." 

The  speaker  gave  an  historical  review  of  the  work  already  pob> 
lished  and  also  of  some  work  which  is  soon  to  appear  in  prist. 
The  subjects  taken  up  were :  (i)  The  preparation  and  constitu- 
tion of  triphenylmethyl  peroxide.  (2)  The  preparation  of  the 
triphenylmethyl,  and  also  of  its  ether  and  ester  derivatives,  the 
constitution  of  which  is  explained  on  the  assumption  of  tetn* 
valent  oxygen.  (3)  The  preparation  and  the  reactions  of  tii* 
phenyliodomethane.  (4)  The  salt-like  character  of  the  tri* 
phenylhalogen  methanes  from  the  chemical,  and  from  the  physioh 
chemical  standpoint.  (5)  The  condensation  of  triphenylmethjl 
to  hexaphenylethane  by  means  of  different  reagents.  (6)  Ex* 
perimental  evidence  that  metals  split  off  only  halogen  from  tii* 
phenylchlormethane. 

Apparatus,  and  spedmens  of  the  various  preparations  were 
exhibited.  j.  s.  Bums.  5kw«vT. 


Issued  with  Mfty  Mmmber,  1903. 
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REPORT  OP  THE  COMMITTEE  ON  ENDOWMENT 
AND  MEDAL  FUND. 

Mr.  Chairman  and  Gentlemen  of  the  American  Chemical  Society : 

It  gratifies  me  very  much  to  be  able  to  hand  you  my  final  report 
as  Chairman  of  the  Endowment  and  Medal  Fund  and  to  bring 
here  for  inspection  the  finished  medal. 

The  history  of  the  fund  for  this  medal  is  already  known  to  you, 
and  I  am  frank  to  say  that  never  have  I  served  on  a  onnmittee 
which  has  resulted  so  happily  as  this  one.  I  have  been  connected 
with  almost  every  movement  in  some  capacity  concerning  our 
allied  societies  for  the  last  six  years  and  when  I  was  asked  to  take 
charge  of  the  Endowment  and  Medal  Fund  I  did  not  anticipate 
the  work  would  be  brought  to  such  a  successful  and  speedy  close. 
It  must  not  be  construed  that  I  am  responsible  for  tliis  success, 
and  it  gives  me  much  pleasure  to  thank  our  Chairman,  Mr.  T.  J. 
Parker,  for  his  assistance.  Through  Mr.  William  H.  Nichols's 
generosity  we  are  not  only  the  possessors  of  this  handsome  medal, 
but  also  of  10  shares  of  the  preferred  stock  of  the  General  Chem- 
ical Co.,  which  net  us  $60  per  year  and  that  sum  will  pay  every 
year  for  the  medal  and  the  necessary  engraving. 

The  design  and  manufacture  of  the  medal  are  distinctively 
American.  The  original  drawing  was  made  by  an  American 
artist,  Mr.  H.  B.  Wechsler,  who  in  his  student  days  received  the 
Munich  medal.  The  final  sketch  was  revised  and  corrected  by 
Mr.  Henry  M.  Toch,  who  was  a  pupil  of  Edgar  Ward,  N.  A,,  the 
American  artist.  Both  Mr.  Wechsler  and  Mr.  Toch  had  in  view 
the  correctness  of  the  costume  of  the  alchemist,  and  the  finished 
design  is  unique. 

This  design  represents  the  allegorical  figure  of  Dr.  Faust,  who 
is  the  alchemist  portrayed  in  the  dramatic  poem  of  that  name,  by 
Goethe.  The  plaster  cast  and  the  finished  medal  were  made  by 
Marcus  &  Co.,  a  reputable  firm  of  jewelers  on  5th  Ave.  and  4Sth 
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St.,  N.  Y.,  and  from  the  original  plaster  model  a  bronze  replica  had 
to  be  made  from  which  the  final  steel  die  was  reduced.  This 
bronze  casting  is  more  than  i  foot  in  diameter  and  represents  an 
intrinsic  value  of  $150.  The  finn  of  jewelers  offered  to  present 
this  to  me  and  I  replied  to  them  that  under  the  circumstances  I 
could  not  accept  it,  excepting  they  gave  me  permission  to  present 
it  to  whomever  I  chose.  This  they  did  not  wish  to  do,  and  I  there- 
fore accepted  the  large  bronze  model  on  condition  that  they  would 
permit  me  to  loan  it,  and  I  have  therefore  had  it  suitably  framed 
and  mounted  and  take  much  pleasure  in  loaning  it  indefinitely  to 
Mr.  William  H.  Nichols  to  whom  this  Society  is  forever  indebted. 
My  statement  of  the  financial  condition  of  the  fund  is  appended 
hereto. 

Dbcbmbbr  5.  1902. 
Receipts, 

Wm.  H.  Nichols $350.00    E.  Hantkc I5.00 

Bimer  &  Amend 50.00   A.  Tuckerman 5.00 

A.Kuttroff 25.00   P.Austen 5.00 

E.  H.  Kohnstamm 25.00   C.  E.  Pellew 5.00 

G.N.Williamson 25.00   Wm.  McMurtrie 5x30 

T.  C.  Steams 25.00   C.  M.  Loub 5.00 

J.  H.  Wainwright 25.00   W.  C.  Alpers 5.00 

C.  P.  Chandler 25.00    A.  P.  Hallock 5.00 

W.  J.  Schieffclin 25.00    P.D.Dodge 5.00 

Toch  Bros 25.00   A.  A.  Brenemann 5.00 

S.  A.  Goldschmidt 25.00   W.Dreyfus 5.00 

V.  Coblentz 20.00   S.  H.  Baer 3.00 

J.  Hasslacher 10.00   O.  H.  Krause  .  • .   3.00 

J.A.Mathews 10.00  J.  G.  Lipman 3.00 

C.  von  Egloffstein 10.00    W.Bowman 2^ 

A.  Tuckef man 10.00   Mr.  Townsend 2.00 

C.  McLoughlin 10.00    O.  Nagel 2,00 

M.  T.  Bogert 10,00   P.  O.  Terheun i^ 

S.  Bookman 10.00   I.  W.  Pay 2.00 

L.  W.  McCay 10.00   Mr.  LeClaire i.oo 

Doremus 10.00    H.  B.  Hunter i.oo 

J.  V.  Booraem 5.00   G.  A.  Sticht i.oo 

J.  S.  Mergentine 5.00   R.  Breves i.oo 

D.D.Jackson 5.00   R.  P.  AHen i.oo 

W.  E.  Dreyfus 5.00 

Expenses, 

Mai^rus  &  Co I350.00 

Stamps 10.19 

Stenographer 5.00 

Addressing 5.00 

Printing 15.25 
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Recapitulation . 

Receipts I816.35 

Expenses 445*44 

On  hand 370.91 

The  amount  for  expenses  includes  the  I350.00  paid  for  the  first  medal. 
The  $60.00  cost  for  the  medal  of  this  year  will  accrue  to  the  fund. 

Maximii^ian  Toch. 

I  take  this  occasion  to  express  my  gratitude  to  Professor  Bogert 
for  his  unceasing  efforts.  To  the  other  members  of  the  com- 
mittee, Messrs.  Chandler,  Schieffelin,  Stearns  and  Williamson,  I 
wish  to  extend  my  thanks  for  their  personal  efforts  and  for  their 
personal  subscriptions. 

As  for  Mr.  W.  H.  Nichols,  the  donor  of  the  medal  and  the  fund, 
I  would  that  some  one  else  had  been  selected  to  express  our  thAnks 
for  his  generosity.  Suffice  it  to  say,  the  medal  and  its  endowment 
speak  for  itself,, for  the  gift  is  worthy  of  the  giver.  It  must  be  a 
source  of  satisfaction  to  Mr.  Nichols  to  know  that  every  year  there 
will  be  an  incentive  throughout  all  the  sections,  not  only  for  the 
production  of  original  scientific  papers  but  for  the  reading  of 
unique  treatises  of  a  practical  kind  which  henceforth  will  probably 
be  a  distinctive  feature  of  the  meetings  of  the  American  Sections. 

Within  the  past  five  years  industrial  men  have  become  captains 
of  industry,  and  immense  fortunes  have  been  made  in  this  country 
which  have  been  unparalleled  in  the  annals  of  the  world's  history. 
A  period  of  prosperity  has  helped  this  country  to  such  a  remark- 
able extent  that  where  millionaires  were  formerly  a  rarity  they  are 
now  in  almost  countless  numbers.  It  is  a  strange  fact  that  the 
industrial  advance  in  this  country  can  be  primarily  traced  to  the 
application  of  chemistry  in  the  various  factories.  Thousands  of 
rich  men  owe  their  success  to  chemical  industry  directly  or  indi- 
rectly and  out  of  all  these  wonderful  successes  that  have  taken 
place,  Mr.  William  H.  Nichols  is  the  first  captain  of  industry  who 
has  the  honor  of  placing  a  premium  on  chemical  science  and 
chemical  research  in  America. 

Respectfully  submitted, 

Maximilian  Toch,  Chairman, 

CONDITIONS  OF  AWARD  FOR  THE  WM.  H.  NICHOLS'S  MEDAL. 

The  Nichols's  Medal  is  awarded  annually,  by  the  New  York 
Section,  to  the  author  who  presents  to  that  Section  the  best  paper 
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embodying  the  results  of  original  chemical  research.  The  paper 
must  subsequently  be  accepted  and  published  in  the  Journal  of  the 
Society,  and  must  be  of  sufficient  merit  to  deserve  the  award  of 
the  medal.  Competition  is  not  restricted  to  members  of  the  New 
York  Section,  or  even  of  the  Society,  nor,  necessarily,  to  those  who 
present  papers  in  person. 

The  medal  for  the  year,  ending  July  ist,  1902,  was  awarded  to 
Dr.  E.  B.  Voorhees,  of  New  Brunswick,  N.  J.,  for  his  paper, 
"Studies  in  Denitrification",  which  w.as  published  in  This  Journal, 
a4»  785. 

COUNCIL. 

The  Council  has  approved  the  following  motion  offered  by  Dr. 
A.  A.  Nqyes: 

"That  the  President  be  requested  to  appoint  a  committee  of  five 
members,  representing  five  different  branches  of  chemistry  and  so 
situated  as  to  be  able  to  attend  a  meeting  at  some  central  point  like 
New  York  City,  whose  duty  it  shall  be  to  consider  the  advisability 
of  organizing  divisions  of  the  Society  representing  the  various 
branches  of  chemistry,  and  to  report  thereon  to  the  Council  prior 
to  the  Cleveland  meeting." 

The  committee  appointed  consists  of  Drs.  A.  A.  Noyes,  Wm. 
McMurtrie,  L.  P.  Kinnicutt,  M.  T.  Bogert  and  E.  F.  Smith. 

The  Council  has  also  approved  the  following  motion  offered  by 
Dr.  Wm.  McMurtrie : 

''That  the  Librarian  be  authorized,  in  his  discretion,  to  sdl 
copies  of  No.  3,  Vol.  VI,  of  the  Journal  of  the  Society." 

W.  A.  NoYies,  Secretary. 

MEMBERS  ELECTED  BETWEEN  MARCH  26th  AND  APRIL  20TH. 

Babb,  Joseph  S.,  care  Westinghouse  Machine  Co.,  East  Ktts- 
burg.  Pa. 

Bowey,  John,  Jr.,  East  Chicago,  Ind. 

Bryant,  A.  P.,  661  Winthrop  Ave.,  Chicago,  111. 

Culver,  G.  E.,  Stevens  Point,  Wis. 

Engle,  Robt.  H.,  31st  and  Walnut  Sts.,  Philadelphia,  Pa. 

Pahrig,  Ernst,  Commercial  Museums,  Philadelphia,  Pa. 

Fairbanks,  Clair  W.,  3007  15th  St.,  Washington,  D.  C. 

Fisher,  Thos.  W.,  1012  Penna.  Ave.,  Tyrone,  Pa. 
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Fitz-Williams,  C.  B.  Raoul,  29  Henry  St.,  Port  of  Spain,  Trin- 
idad, B.  W.  I. 

Freskow,  Fritz,  Crockett,  Cal. 

Gottschalk,  V.  Hugo,  Missouri  School  of  Mines,  Rollo,  Mo. 

Covers,  F.  X.,  Owego,  N.  Y. 

Hewitt,  Thomas  Edwin,  331  Atwood  St.,  Pittsburg,  Pa. 

Hirsh,  Joseph  E.,  1245  85th  St.,  Brooklyn,  N.  Y. 

Klooz,  Otis  T.,  395  S.  Hohman  St.,  Hammond,  Ind. 

Levi,  X/yviis  E.,  Cor.  Miss,  and  Perry  Sts.,  Buffalo,  N.  Y. 

Lieban,  Carl,  care  Mich.  Chem.  Co.,  Bay  City,  Mich. 

Little,  Franklin  Alfred,  2205  Webster  St.,  San  Francisco,  Cal. 

McTaggart,  J.  R.,  Public  Safety  Bldg.,  Pittsburg,  Pa. 

Morgan,  W.  C,  202  Harrison  Ave.,  Leadville,  Colo. 

Nielson,  N.  L.,  West  Berkeley,  Cal. 

Orth,  Henry,  Jr.,  ion  L  St.,  N.  W.,  Washington,  D.  C. 

Page,  Alexander  G.,  Mt.  Tamalpais  Military  Acad.,  San  Rafael, 
Cal. 

Quinan,  Clarence,  751  Sutter  St.,  San  Francisco,  Cal. 

Steir,  John  W.,  care  Carnegie  Steel  Co.,  Braddock,  Pa. 

Thompson,  William,  Rossland,  B.  C,  Canada. 

Van  Ostrand,  A.  S.,  Braebum,  Pa. 

Vavra,  Joseph,  Howell's,  Nebr. 

Walker,  Claude  F.,  Lock  Box  232,  Montclair,  N.  J. 

Warren,  Frederick  John,  93  Federal  St.,  Boston,  Mass. 

Warren,  Ralph  L.,  93  Federal  St.,  Boston,  Mass. 

Warren,  Walter  Burgess,  93  Federal  St.,  Boston,  Mass. 

Webb,  R.  H.,  Argentine,  Kans. 

CHANGES  OP  ADDRESS. 

Annear,  J.  B.,  Wall  St.,  Colo. 

Arnold,  Fred.  N.,  Jr.,  care  N.  K.  Fairbanks  Co.,  St.  Louis,  Mo. 
Baltzly,  Edwin  Bertram,  Niagara  Falls,  N.  Y. 
Blanchard,  A.  A.,  New  Hampshire  College,  N.  H. 
Brown,  W.  B.,  care  the  Victor  Chemical  Works,   Chicago 
Heights,  111. 
Catlett,  Geo.  F.,  Wilmington,  N.  C. 
DuPont,  Francis  G.,  Montchanin,  N.  J. 
DuPont,  Irene,  788  Broad  St.,  Newark,  N.  J. 
Eastwood,  J.  P.,  608  E.  Williams  St.,  Ann  Arbor,  Mich. 
Ebaugh,  W.  Clarence,  76  West  Second  St.,  Salt  Lake  City,  Utah. 
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Ewell,  E.  E.,  Manager  of  Bureau  of  Chemistry,  Washington, 
D.  C. 

Fell,  J.  William,  Asheville,  N.  C. 

Franklin,  Arthur  L,  Pullman,  Chicago,  111. 

Heidenhain,  H.,  io8  Gitschiner  Strasse,  Berlin,  Germany. 

Hiltner,  R.  S.,  Supervising  Architect's  Office,  Treas.  Dcpt., 
Washington,  D.  C. 

Johnson,  Geo.  A.,  302  Main  St.,  Poughkeepsie,  N.  Y. 

Jones,  F.  W.,  96  Downs  Park  Road,  Clapton,  London,  N.  E-. 
England. 

Kiehn,  Joseph  F.,  1848  34th  Place,  Brighton  Park,  Chicago,  IlL 

Lando,  Max,  936  Beech  St.,  St.  Paul,  Minn. 

Levi,  Sol.  L.,  532  Prospect  Place,  Avondale,  Cincinnati,  O. 

Lindmueller,  Charles,  968  E.  Long  St.,  Columbus,  O. 
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Philadelphia,  Pa. 
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Root,  Wm.  W.,  410  Marshfield  Ave.,  Douglass  Park,  Chi- 
cago, 111. 

Runyan,  E.  G.,  Inspector  of  Gas  and  Meters,  loth  and  D  Sts., 
N.  W.,  Washington,  D.  C 

Sanders,  Warren  W.,  62  Parker  St.,  Gardner,  Mass. 

Spayd,  C.  H.,  9  N.  13th  St.,  Harrisburg,  Pa. 

Sullivan,  Arthur  L.,  Div.  of  Chem.,  Treas.  Dept.,  Washington, 
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Smith,  Burnett,  formerly  211  Franklin,  Univ.  of  Pa.  Dormi- 
tories, Philadelphia,  Pa. 

Watson,  Henry,  E.  G.,  formerly  5333  Wayne  Ave.,  German- 
town,  Philadelphia,  Pa. 

DECEASED  MEMBERS. 

Mr.  Alonzo  P.  Howard,  of  Boston,  Mass.,  associate  in  the 
Society  since  March,  1898,  died  August  26,  1902. 

Wr.  Herbert  C.  Kohl,  of  Craigsville,  Va.,  member  of  the  Society 
since  February,  1901,  died  November  10,  1902. 

Mr.  W.  C.  Tiffany,  of  New  York  City,  member  of  the  Society 
since  1896,  died  November  24,  1902. 

EDWARD  ROBINSON   SQUIBB. 

After  a  brief  illness,  there  passed  away  at  his  home  in  Brooklyn, 
October  25,  1900,  Edward  Robinson  Squibb,  one  of  the  foremost 
representatives  of  the  American  chemical  and  pharmaceutical 
industries. 

Edward.  Robinson  Squibb  was  bom  in  Wilmington,  Del.,  on 
July  4,  1819.  He  studied  pharmacy  between  the  years  1837-1842, 
preparatory  to  the  study  of  medicine.  In  1844  he  graduated  from 
the  Jefferson  Medical  College,  Philadelphia,  Pa.,  and  almost  im- 
mediately thereafter  was  appointed  surgeon  in  the  U.  S.  Army, 
and  attached  to  the  "Perry,"  on  board  which  he  served,  during  the 
Mexican  war  that  was  then  in  progress.  At  the  close  of  the 
war  he  was  appointed  Assistant  Director  of  the  United  States 
Naval  Laboratory  at  Brooklyn,  where  his  already  remarkable 
ability  and  precise  knowledge  were  utilized  in  the  preparation  of 
medical  supplies  of  a  high  standard  of  excellence. 

After  remaining  in  the  government  employ  for  a  year  or  so,  he 
resigned  his  position  to  become  the  manufacturing  partner  in  the 
firm  of  Thomas  E.  Jenkins  &  Co.,  of  Louisville,  Ky.,  known  as  the 
Louisville  Chemical  Works.  At  the  end  of  the  year,  however. 
Dr.  Squibb  opened  for  himself  a  laboratory  in  Brooklyn,  for  the 
avowed  purpose  of  supplying  pure  pharmaceutical  chemicals.  His 
recognized  ability  and  integrity  secured  for  him  in  advance  the 
patronage  of  the  medical  department  of  the  U.  S.  Army  for  the 
supply  of  chemicals  of  a  quality  equal  to  those  prepared  at  the 
Naval  Laboratory.  From  the  very  beginning,  he  devoted  most 
attention  to  the  manufacture  of  ether  for  surgical  purposes,  and 
he  was  probably  the  first  to  utilize  steam  heat  in  its  manufacture. 
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His  establishment  was  scarcely  under  way,  when,  fc^owing  a 
violent  explosion  of  ether,  it  was  burned  to  the  ground,  Dr.  Squibb 
being  severely  burned.  The  laboratory  was  rebuilt  at  once.  Dr. 
Squibb,  even  while  convalescing,  making  the  plans  of  the  new 
building.  Altogether,  the  laboratory  was  destroyed  three  times  by 
fire.  In  no  wise  discouraged  by  these  reverses.  Dr.  Squibb  perse- 
vered in  building  up  a  business  which  stands  as  a  monument  to  his 
ability,  industry,  and  integrity.  It  needed  but  his  label  on  a 
package  to  afford  the  most  implicit  assurance  as  to  the  quality  of 
the  contents — ^in  fact  the  name  "Squibb"  stood  for  the  highest 
attainable  purity  in  medicinal  chemicals.  In  addition  to  his  great 
activity  as  a  manufacturer,  Dr.  Squibb  was  an  indefatigaUe  in- 
vestigator as  well  as  a  most  prolific  writer,  having  written  scores 
upon  scores  of  papers  on  chemical  and  pharmaceutical  topics. 
All  his  papers  bear  the  evidence  of  thorough  knowledge,  and  have 
a  convincing  directness.  The  perhaps  most  valuable  papers 
written  by  him  are  those  on  ether,  alcohol,  and  chloroform.  That 
on  ether  was  published  in  1856,  and  gave  a  complete  descriptioo 
of  the  apparatus  employed  and  of  the  use  of  steam  in  its  manu- 
facture. That  on  chloroform  was  published  in  1857,  ^^^  besides 
minutely  describing  his  process  of  manufacture,  it  also  gave  a  de- 
tailed description  of  the  impurities,  and  of  tests  to  which  a  good 
article  should  respond.  In  addition  to  these,  he  wrote  a  number 
of  highly  important  papers  embodying  the  results  of  a  long  series 
of  investigations  r^;arding  the  manufacture  of  absdute  alcohol, 
and  also  published  an  elaborate  alcohol  table  having  seven  di- 
visions showing  the  relative  specific  gravities  at  isVt*  C.  (=  6o* 
F.)  and  at  25*  C.  (=  77^  F.)  ;  percentages  by  we^t,  volume, 
etc. ;  the  weight  of  i  gallon  of  alcohol  at  isVt*"  C.  (=  6o*  F.)  in 
gjams,  grains,  and  avoirdupois ;  next  the  weight  of  40  jg;alloas  in 
pounds  to  the  nearest  half-pound,  and  lastly  the  weight  of  i  pint 
at  I5V.*  C. 

The  following  list  comprises  practically  all  the  papers  written 
on  strictly  chemical  subjects  by  the  gifted  author : 

1853 — Ethereal  Oil  and  Spirit-Ether  Compound. 

1856 — Improved  Method  of  Carbon  and  Hydrogen  Determina- 
tion in  Organic  Elementary  Analysis. 
Process  of,  and  Apparatus  for,  the  Manufacture  of  Ether 
by  Steam. 
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1857— Manufacture  of  Ethereal  Oil. 

Manufacture,  Impurities,  and  Tests  of  Chloroform. 
1858 — Purification  of  Liquids  in  the  State  of  Vapor,  and  New 
Apparatus  for  Rectifying  Spirits,  with  drawings  of 
apparatus  used  for  alcohol  on  the  large  scale,  and  by 
which  absolute  alcohol  may  be  made  at  a  nominid 
expense. 
1859 — Notes  on  Silver  Nitrate,  Ferrous  Iodide,  Mercurous  and 
Mercuric    Iodides,    Morphine    Sulphate    and    Zinc 
Chloride. 
i860 — Sodium  and  Iron  Pyrophosphate. 
Solution  Iron  Persulphate. 

Ethereal  Oil — Regarding  the  changes  which  take  place 
in  it  on  keeping,  and  how  they  may  be  prevented. 
1862 — Experiments  on  the  Effect  of  Bleaching  Processes  on 
Morphine  Sulphate. 
Statistics  and  Assays  on  Virgin  Scammony. 
1864 — Manufacture  of  Potassium  Permanganate. 
t868 — Contamination  of  Hydrochloric  Acid  with   Sulphuric 
Add  and  Other  Sulphur  Oxides. 
Note   on   the   So-called    Carbolic   Acid,   or    Coal-tar 
Creosote. 
1871 — Note  on  the  Manufacture  of  Chloral  Hydrate,  with 
Special  Reference  to  the  Best  Methods  of  Crystallizing^ 
and  Determination  of  the  Boiling-point. 
Commercial  Bicarbonate  of  Sodium. 
1872 — Note  on  the  Manufacture  of  Citrate  of  Bismuth  and 

Ammonitmi. 
1873— Note  on  Buying  Alcohol  or  Distilled  Spirits.    With  alco- 
hol tables. 
General  Apparatus  Stand,  Upright  Condenser,  Pinchcock 
and  Burette  Stand. 
1878 — Preparation  of  Hydrobromic  Acid. 
1882 — Process  for  Making  Sodium  Salicylate. 
Method  of  Opium  Assay. 
Improved  Fluddger's  Method  of  Opium  Assay. 
Assay  of  Cinchona. 
1884 — Paper   on   Absolute   Ether,    Its    Preparation,    Specific 
Gravity,  etc.    With  a  table  showing  the  specific  grav- 
ity of  mixtures  of  alcohol  with  ether. 
Absolute- Alcohol  Test. 
Exhaustive  Paper  on  Alcohol. 
Testing  Urine  for  Albumin. 

Apparatus  for  Determining  Urea  in  Urine, — ^with  table 
snowing  the  percentage  of  urea  from  nitrogen  evolved. 
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1885 — Assay  of  Cocaine. 

Prq)aration  of  Citrate  of  Iron  and  Quinine,  and  Its 

Constituents. 
Method  of  Assay  of  Cocaine,  with  a  Description  of  a 
Separator  for  the  Extraction  of  Alkaloids. 
1887 — New  Process  of  Manufacture  and  Assay  of  Cocaine 
Hydrochlorate,    with    an    Examination    of    Market 
Brands  by  Various  Processes. 
Improved  (Specially  Modified)  Opium  Assay. 
Cost  of  Manufacture,  Commercial  Quality,  and  Char- 
acter of  Impurities  of  Cocaine  Hydrochlorate. 
These  papers,  however,  constitute  but  a  small  number  of  those 
actually  written,  by  far  the  greater  number  having  been  devoted 
to  pharmaceutical  topics.    They  fully  demonstrate,  however,  the 
exceeding  activity  and  versatility  of  the  writer. 

Besides  being  a  member  of  the  American  Society,  which  he 
joined  in  1877,  ^^*  Squibb  was  a  member  of  several  medical 
associations,  the  Metropolitan  Museum  of  Art,  the  Linnaean 
Society  of  New  York,  the  Philosophical  Society  of  Philadelphia, 
a  life  member  and  Fellow  of  the  Brooklyn  Institute  of  Arts  and 
Sciences,  a  Fellow  of  the  American  Association  for  the  Advance- 
ment of  Science,  honorary  member  of  the  Pharmaceutical  Society 
of  Great  Britain,  life  member  of  the  American  Pharmaceutical 
Association,  and  of  many  minor  societies. 

Dr.  Squibb  was  highly  esteemed  by  all  who  knew  him  as  a 
man  of  great  erudition,  rare  probity,  and  innate  modesty.  His 
indomitable  perseverance,  kindliness,  and  simplicity  endeared  him 
to  all  who  came  in  contact  with  him. 

Charlbs  a.  Doremus. 
Alfred  J.  Cohn. 


MEETINGS  OF  THE  SECTIONS. 

CALIFORNIA  SECTION. 

Initial  Meeting. — Pursuant  to  a  call  made  by  Edmond  O'Neill, 
the  members  of  the  American  Chemical  Society  resident  in  Cali- 
fornia met  in  San  Francisco  on  November  8,  1901,  and  organized 
themselves  into  a  local  section  according  to  the  constitution  of  the 
Society.  The  officers  elected  were  Edmond  O'Neill,  Chmman; 
Felix  Lengfeld,  Vice-Chairman,  and  T.  Michadis,  Secretary- 
Treasurer.  The  following  by-laws  were  adopted  to  govern  the 
local  section. 
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1.  The  name  of  this  Section  shall  be  the  California  Section  and 
all  members  of  the  American  Chemical  Society  resident  in  the 
State  of  California  shall  be  members  of  the  Section. 

2.  The  officers  of  the  Section  shall  be  a  Chairman,  Vice-Chair- 
man and  Secretary-Treasurer,  and  an  Executive  Committee  to 
consist  of  the  above  three  officers.  The  Executive  Committee  is 
to  have  g^eneral  control  of  the  affairs  of  the  Section  and  to  make 
all  arrangements  for  meetings.  The  Chairman  and  Vice-Chair- 
man and  Secretary-Treasurer  are  to  perform  all  the  duties  usually 
pertaining  to  their  respective  offices,  as  determined  by  the  Execu- 
tive Committee. 

3.  The  officers  elected  at  the  meeting  shall  hold  office  until  the 
second  meeting  held  after  the  thirty-first  of  August,  of  each  year 
or  until  their  successors  have  been  elected. 

4.  Officers  shall  be  elected  annually  at  the  first  meeting  held 
aftei»  the  thirty-first  of  August,  the  election  to  be  by  ballot  in  the 
usual  way. 

5.  There  shall  be  at  least  six  meetings  held  each  year,  the  time 
and  place  to  be  determined  by  the  Executive  Committee. 

6.  At  each  meeting  the  Chairman  shall  appoint  a  committee  of 
three  to  arrange  for  a  program  for  the  second  meeting  in  the 
future. 

7.  Papers  are  not  to  exceed  thirty  minutes  in  length. 

The  first  meeting  was  held  in  San  Francisco  December  13, 
190 1,  and  the  paper  of  the  evening  was  by  E.  C.  Burr  on  the  beet- 
sugar  industry.  J.  M.  Stillman  was  elected  councilor  for  the 
Section. 

Six  meetings  were  held  during  1902.  The  following  papers 
were  presented:  Feb.  21 — W.  S.  Young,  "Inhibition  of  Chemical 
Reaction  by  Foreign  Substances."  At  this  meeting  H.  E.  Miller 
was  appointed  Secretary-Treasurer  vice  T.  Michaelis  resigned. 
March  29 — Felix  Lengfeld,  "Hydroxylamine  and  Some  of  Its 
Derivatives."  May  3 — W.  C.  Blasdale,  "Some  Recent  Applica- 
tions of  the  Dissociation  Theory."  Sept.  13 — ^Arthur  Lachman, 
"The  Color  of  Iodine  in  Solution."  At  this  annual  meeting  the 
following  officers  were  elected:  E.  C.  Burr,  Chairman;  Felix 
Lengfeld,  Vice-Chairman;  H.  E.  Miller,  Secretary-Treasurer; 
and  J.  M.  Stillman,  Councilor,  The  attention  of  the  members  was 
called  to  their  loss  by  the  death  of  G.  M.  RichardscMi,  and  a  com- 
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mittee  was  appointed  which  drew  up  and  presented  appropriate 
resolutions.  Nov.  15 — ^Edmond  O'Neill,  "An  Account  of  the 
Texas  Petroleum  Field."  Dec.  20— J.  M.  Stillman,  ''Some  Limit- 
ing Conditions  in  the  Purification  of  Feed- Water/' 

A  meeting  was  held  in  San  Francisco,  January  24,  1903,  and 
took  the  form  of  a  "Kneipe."  The  Section  had  a  celebration  to 
rejoice  over  its  rapid  growth  and  there  was  no  set  program  but 
various  members  contributed  to  the  entertainment  of  the  evening, 
avoiding  all  technical  or  scientific  subjects. 

The  ninth  meeting  was  held  in  San  Francisco,  February  28, 
1903,  and  the  paper  of  the  evening  was  by  F.  G.  Cottrdl,  who  gave 
an  interesting  description  of  some  of  the  European  laboratories, 
their  masters  and  their  methods.  Thirty-nine  members  and  guests 
were  present  at  the  dinner  immediately  preceding  the  meeting. 

The  tenth  meeting  was  held  Saturday,  April  4th,  in  Tortoni 
Restaurant,  iii  O'Farrell  St.,  San  Francisco.  The  paper  of  the 
evening  was  by  Mr.  C.  A.  Krause,  of  the  University  of  California, 
on  "The  Properties  of  Solutions  in  Liquid  Ammonia."  A  dinner 
preceded  the  meeting  in  the  same  place. 

Seventy  responses  have  been  received  to  the  inquiry  as  to  occu- 
pation or  special  chemical  work,  and  the  following  is  the  classifi- 
cation: Educational  23,  Commercial  8,  Consulting  6,  Sugar  6, 
Oil  and  Asphaltum  5,  Explosives  4,  Students  4,  Government  and 
Municipal  3,  Practising  Physicians  2,  Acid  2,  Bacteriology  2,  Malt- 
ing and  Brewing  i,  Railroad  i.  Fertilizers  i.  Foundry  i.  Wine  !• 
The  distinction  made  between  commercial  and  consulting  is  that 
the  former  have  laboratories  for  general  work  and,  of  these,  three 
include  assaying. 

The  membership  of  the  Section  now  numbers  ninety.  Until 
further  notice  a  lunch  club  composed  of  members  and  their  friends 
will  meet  every  Wednesday  at  Tortoni,  where  from  12  to  2  you 
are  sure  to  find  good  company.  ha&&t  bast  millbr,  Seerdmwy. 

NORTHEASTERN  SECTION. 

.  The  forty-third  regular  meeting  of  the  Section  was  held  at  the 
"Tech  Union,"  Massachusetts  Institute  of  Technology,  Boston, 
Tuesday,  March  31,  at  8  p.m..  President  A.  H.  Gill  in  the  chair. 
About  forty-five  members  were  present.  Prof.  Charles  F. 
Mabery,  of  Cleveland,  Ohio,  presented  a  paper,  entitled  "A 
R&ume  of  the  Composition  of  Petroleum,"  in  which',  after  a 
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historical  introdtiction,  the  lecturer  described  the  work  carried  on 
under  his  direction  during  the  last  ten  years  in  the  laboratories  of 
the  Case  School,  Cleveland,  and  discussed  the  results  obtained, 
from  which  the  general  conclusion  was  drawn  that  petroleum  can 
be  defined  as  a  mixture  of  a  few  series  of  hydrocarbons  of  the 
general  formula,  CbHm+»»  CnHaB,CnHM-aj  ^xid  CBHaii-4»  and  prod- 
ucts from  different  fields  differ  only  in  the  proportion  of  the  series 
contained  in  them.  A  great  field  for  chemical  research  yet  re- 
mains in  ascertaining  the  structure  of  the  members  of  the  series 
above  mentioned,  and  also  of  the  so-called  asphaltic  hydrocarbons, 
which  cannot  be  distilled  without  decomposition; 

ARTBUK  M.  COMBY,  Secretary, 
CHICAGO  SECTION. 

The  April  meeting  of  the  Section  was  held  on  Wednesday  eve, 
April  8th,  at  the  rooms  of  the  Chicago  Drug  Trade  Glub,  i8o 
Randolph  St.,  at  which  time  a  very  interesting  paper  was  read  by 
Prof.  L.  M.  Dennis,  of  Cornell  University,  on  "The  Determination 
of  Benzene  in  Illuminating  Gas."  w.  a.  convmbr,  sectrtary, 

NEW  YORK  SECTION. 

A  special  meeting  of  the  ^Section  was  held  Friday,  March  27th, 
at  8.15  P.M.,  in  the  Assembly  Hall  of  the  Chemists'  Club,  108  West 
55th  Street.  The  program  for  the  evening  was  as  follows: 
Maximilian  Toch,  "The  Chemistry  and  Physical  Properties  of 
Linseed  Oil." 

The  seventh  regular  meeting  of  the  Section  was  held  Wednes- 
day, April  8th.  The  program  for  the  evening  was  as  follows: 
Charies  Baskerville,  "The  Rare  Earth  Crusade:  What  It  Por- 
tends, Scientifically  and  Technically;"  John  A.  Mandel,  "The 
Structure  of  the  Proteid  Molecule.*'  pkancm  d.  dodob,  secretary. 

CINCINNATI  SECTION. 

At  the  ninety-seventh  meeting  of  the  Cincinnati  Sectioh, 
January  14th,  the  following  papers  were  presented :  "A  Case  of 
Quadrivalent  Oxygen,"  by  H.  S.  Fry ;  "Recent  Progress  towards 
the  Absolute  Zero,"  by  H.  E.  Newman. 

At  the  ninety-eighth  meeting  of  the  Section,  February  nth. 
Dr.  Alfred  Springer  presented  a  review  of  the  important  advances 
in  chemistry  described  ih  the  literature  of  the  preceding  month. 
The  subjects  discussed  were  Ramsay's  theory  of  the  cause  of  the 
Aurora  Borealis,  Gautier's  investigations  on  the  distribution  of 
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arsenic  in  animate  nature,  J.  J.  Thomson^s  description  of  the  phe- 
nomena of  radioactivity,  Neumann  and  Mayer's  work  on  iron  in 
diabetic  urine  and  Connstein,  Hoyer  and  Wartenburg's  observa- 
tions of  the  fermentative  hydrolysis  of  fats.  The  review  was 
opened  with  a  humorous  introduction  entitled  ''Methylxanthine 
Genitum  ab  Uncinariase."  Dr.  W.  H.  Crane,  on  Dr.  Springer's 
suggestion,  gave  an  outline  of  the  chemical  phenomena  connected 
with  diabetes. 

The  ninety-ninth  meeting  of  the  Secton  was  held' March  nth. 
The  following  papers  were  presented :  "Unsoundness  in  Hydraulic 
Cements,"  by  J.  W.  Ellms;  "The  Action  of  Magnesium  Alkyl 
Halides  upon  Quinones,"  by  Arthur  Lowenstein.  The  Section 
voted  to  suggest  that  the  summer  meeting  of  the  Society  be  held 
in  the  latter  part  of  August  instead  of  the  latter  part  of  June. 

The  one  hundredth  meeting  of  the  Section  was  held  April  8th, 
when  a  joint  lecture  on  "Coffee  in  General — Ariosa  in  Particular*' 
was  delivered  by  Drs.  Alfred  Springer,  Thomas  Evans,  and  Wm. 
H.  Crane.  The  lecture  was  copiously  illustrated  with  charts, 
specimens  and  lantern  projections.  j.v.sintu^seeniapy. 

NEBRASKA  SECTION. 

A  meeting  was  held  in  Room  4,  of  the  Chemical  Laboratory  of 
the  University  of  Nebraska,  Monday,  March  30,  1903,  at  8  p.m. 
Program:  "The  Physiological  Chemistry  of  Uric  Acid,"  by 
Arthur  Charles  Stokes.  r.  s.  HiLTWEa,  SeerHary. 

WASHINGTON   SECTION. 

The  142nd  regular  meeting  was  held  Thursday,  April  9,  1903, 
at  8  P.M.,  in  the  Assembly  Hall  of  the  Cosmos  Club,  1520  H  Street, 
N.  W.  Program :  Professor  Edgar  F.  Smith,  "New  Results  in 
Electrochemical  Analysis." 

An  adjourned  meeting  was  held  Saturday,  April  18,  1903,  at  8 
P.M.,  in  the  Chemical  Lecture  Hall,  Johns  Hopkins  University, 
Baltimore,  Md.  Program:  H.  N.  Morse,  "Recent  Progress  in 
the  Making  of  Cells  for  the  Measurement  of  Osmotic  Pressure ;" 
H.  C.  Jones,  "The  Effect  of  One  Associated  Solvent  on  the  Asso 
ciation  of  Another  Associated  Solvent;"  F.  K.  Cameron  and 
Geo.  H.  Failyer,  "Determination  of  Small  Amounts  of  Potas- 
sium ;"  F.  K.  Cameron  and  J.  F.  Breazeale,  "The  Action  of  Cer- 
tain Acids  and  the  Corresponding  Calcium  and  Potassium  Salts 
upon  Seedlings  of  Com."  j.  s.  bo»d.  &mtarr. 
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ADDRESSES    WANTED. 

Beatty.  Leon  O.,  formerly  606  W.  113th  St.,  N.  Y.  City. 
O'Connell,  C.  J.,  formerly  222  N.  2nd  St.,  Cincinnati,  Ohio. 

MEETINGS  OF  THE  SECTIONS. 

NORTH  CAROLINA  SECTION. 

The  spring  meeting  of  the  Section  was  held  in  the  Chemical 
Lecture  Room  of  the  University  of  North  Carolina,  Chapel  Hill, 
on  May  8,  1903,  at  8.15  p.m.,  with  Presiding  Officer  Chas.  E. 
Brewer  in  the  chair. 

After  the  transaction  of  some  miscellaneous  business  the  follow- 
ing program  was  presented  and  discu&sed  : 

1.  *' A  Simple  Hydrogen  Sulphide  Apparatus,"  by  Chas.  K. 
Brewer. 

2.  **  Assimilation  of  Free  Nitrogen  by  Bacteria,**  by  G.  S. 
Fraps.  , 

3.  **  Recent  Progress  in  the  Dyeing  Industry,**  (Report)  by 
G.  S.  Fraps. 

4.  •*  Nitrification  in  Typical  North  Carolina  Soils,**  by  W.  A. 
Withers  and  G.  S.  Fraps. 

5.  **  Rate  of  Nitrification  of  Different  Fertilizers,**  by  W.  A. 
Withers  and  G.  S.  Fraps. 

6.  •*  Certain  Derivatives  of  Trichlorethylidenedi-^-nitrophen- 
amine.*'  by  A.  S.  Wheeler  and  M.  R.  Glenn. 

7.  *•  The  Determination  of  Glycerine,**  by  A.  S.  Wheeler  and 
W.  R.  Weller. 

8.  **  Mercurous  Sulphide,**  by  Charles  Baskerville. 

9.  *'  Recent  Investigations  of  the  Rare  Earths  in  the  Chemical 
Laboratory  of  the  University  of  North  Carolina,*'  by  Charles 
Basker\411e. 

10.  **  Note  on  Thermodynamical  Calculation  of  Latent  Heat,** 
by  J.  E.  Mills. 

11.  *'  Molecular  Attraction,'*  by  J.  E.  Mills. 

12.  "  Some  New  or  More  or  Less  Novel  Forms  of  Laboratory 
Apparatus : 

(a)  An  Unusual  Form  of  Siphon. 

(6)  A  Modified  Form  of  a  Previously  Described  Filter- 
Washer. 

(f)  An  Automatic  Measurer  and  Dispenser  of  the  Acid 
Used  in  Kjeldahl  Nitrogen  Determinations. 

(d)  Same  for  the  Alkalies. 

(e)  A  Stand  for  Kjeldahl  Digestion  Flasks. 
(/)  A  File  for  Samples  Contained  in  Bottles. 

(^)  A  Desiccator  for  Equalizing  Inside  and  Outside  Air- 
Pressure. 
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(A)  An  Appliance  for  Utilizing  the  Incandescent  Electric 
Light  as  Source  of  Heat  in  Fat-Extractions  with  Ether. 
({)  An  Asbestos  Furnace  for  Gold  Assays. 
(j)  An  Economical  but  Efficient  Blast-Lamp. 
{k)  *•  Spiral  Support  for  Round- Bottom  Flasks,"  by  J.  M. 
Pickel. 
13.  **An  Efficient  Asbestos  or  Graphite  Muffle,"  by  J.   M. 
Pickel  and  C.  B.  Williams. 

Immediately  upon  adjournment  of  the  Section,  Dr.  Charles 
Baskerville  tendered  the  members  and  visitors  a  most  enjoyable 
' '  smoker ' '  at  his  residence.  c  b.  wuaaamb,  seeretarr. 

COI^UMBUS   SECTION. 

The  Columbus  Section  held  its  April  meeting  as  usual,  in  the 
Kau£Fman-Lattimer  Building.  Two  papers  were  given,  one  by 
A.  D.  Cole,  on  **  Ionization  of  Gases,"  and  one  by  C.  W.  Fonlk, 
on  '*  Experimental  Evidence  Not  in  Harmony  with  the  Theory 
of  Electrolytic  Dissociation." 

The  May  meeting  was  held  as  usual  in  the  Kauffman-Lattimer 
Building.  Mr.  E.  G.  Horton,  chemist  and  bacteriologist  for  the 
Ohio  State  Board  of  Health,"  read  a  paper  on  **  Typhoid  Fever 
and  Water  Supply  in  Ohio."  Short  papers  were  given  by  W.  F. 
Coover,  on  *'  Comparison  of  Methods  for  Standardizing  Perman- 
ganate Solutions,"  and  by  M.  W.  Mumma,  on  **The  Electrolytic 
Deposition  of  Bismuth. "  c.  w.  poulk,  Stcrd^wy. 

WASHINGTON  SECTION. 

A  special  meeting  was  held  Saturday,  May  2,  1903,  at  8  p.m.. 
in  the  Chemical  Lecture  Hall,  Columbian  University.  Professor 
J.  W.  Mallet  gave  the  address  of  the  evening:  "Applied  Chemis- 
try in  the  South  During  the  Civil  War,  1861-1865." 

The  143d  regular  meeting  was  held  Thursday,  May  14,  1903, 
at  8  P.M.,  in  the  Assembly  Hall  of  the  Cosmos  Club,  1520  H 
Street,  N.  W. 

The  following  papers  were  read  :  "  History  of  Petroleum  Dis- 
tillation," by  D.  J.  Kelly;  **  Petroleum  Products  Used  in  tlje 
Paving  Industry,"  by  A.  W.  Dow  ;  **  Effect  of  Certain  Adds  on 
Clover  Seedlings,"  by  F.  K.  Cameron  and  J.  F.  Breazeale. 

J.  8.  Buu>,  Secrtimry. 
NORTHEASTERN    SECTION. 

The  forty-fourth  regular  meeting  of  the  Section  was  held  at 
the  rooms  of  the  Technology  Club,  Boston,  Friday,  April  24th, 
at  8  o'clock  P.M.,  President  A.  H.  Gill  in  the  chair.  Seventy- 
five  members  were  present. 


(73) 

Mr.  George  W.  Priest  addressed  the  Section  on  **  The  Manu- 
facture of  Chrome  Leather,"  describing  the  usual  method  of  pre- 
paring the  raw  hide  for  tanning,  and  the  two  methods  used  for 
chrome-tanning,  known  as  the  one-bath  and  two-bath  processes. 
The  lecturer  also  described  the  new  process  for  making  patent 
leather  from  chrome- tanned  skins,  and  exhibited  specimens  of 
leather  tanned  in  various  ways.  The  address  was  followed  by  a 
general  discussion  of  the  subject  by  members  interested  in  the 
tanning  industry. 

The  forty-fifth  regular  meeting  of  the  Section  was  held  Friday, 
May  22nd,  at  8  o'clock  p.m.  at  the  Technology  Club,  Boston, 
Vice-President  Henry  Howard  in  the  chair.  Thirty-five  members 
were  present. 

Professor  S.  W.  Stratton,  of  Washington, D.  C,  gave  an  address 
on  "The  National  Bureau  of  Standards,"  in  which,  after  an 
historical  introduction,  he  described  the  functions  of  the  bureau, 
and  gave  a  very  full  description  of  the  two  buildings  now  being 
erected  in  theoutskirts  of  Washington  for  the  use  of  the  bureau. 
The  present  work  of  the  bureau  was  explained^  and  lantern  slides 
showing  the  plans  of  the  new  buildings  were  shown. 

Arthur  M.  Cokbt,  Secretary. 
NEW  YORK  SBCTION. 

The  eighth  regular  meeting  of  the  Section  was  held  Friday, 
May  8th,  at  8.15  p.m.,  in  the  Assembly  Hall  of  the  Chemists' 
Club,  108  West  55th  Street. 

The  program  for  the  evening  was  as  follows  :  "  Cryolite,  Its 
Mineralogy,  Geology,  and  Technical  Application,"  (extracts 
from  a  monograph),  by  I.  I.  Moltkehansen  ;  ''  3-Nitro-phthalyl 
Chloride  and  Its  Action  with  Ammonia  and  with  Aromatic  Am- 
ines," by  V.  J.  Chambers  ;  Linseed  Oil  (the  Composition  of  the 
•  Break'),"  by  G.  W.  Thompson;  "'The  Chemistry  of  the  Cell," 

by  P.  A.  Levene.  Prancis  D.  Dodob,  Stcrttarr. 

CINCINNATI  SKCTION. 

The  looth  regular  meeting  of  the  Section  was  held  in  the  Ohio 
Mechanics'  Institute,  6th  and  Vine  Sts.,  Wednesday,  May  13th, 
at  8  o'clock  P.M. 

The  following  topics  for  discussion  were  presented:  "The 
Changes  which  Chemistry  Has  Wrought  in  Medicine  and  Sur- 
gery," by  L.  L.  Watters ;  "  A  Method  for  the  Detection  of  Chlo- 
rides, Bromides,  and  Iodides,"  by  Stanley  Benedict  and  J.  P. 
Snell ;  Reviews,  by  Thomas  Evans.  j.  p.  sn«ll.  secretary. 
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CHICAGO  SECTION. 

The  May  meeting  of  the  Chicago  Section  was  held  at  the  rooms 
I  of  the  Chicago  Drug  Trade  Club,  i8o  Randolph  St.,  Wednesday 

I  May  13th,  at  which  time  a  very  interesting  paper  on  "  Petio- 

I  leum"  was  read  by  Dr.  Gray.   Fifty  members  were  in  attendance. 

I  W.  A.  CONVBKSB,  Secr€ia9y. 
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CHEMIST  FOR  U.  5.  OEOLOQICAL  SURVEY. 

The  Civil  Service  Commission  will  hold  a  competitive  examina- 
tion during  the  summer  or  fall  to  fill  a  position  as  assistant  chem- 
ist in  the  Geological  Survey,  salary,  $1,200.  No  applicants  who 
are  unable  to  do  independent  research  work  in  mineralogy  and 
crystallography  will  be  considered.  Ability  to  do  independent 
chemical  research  work,  while  desired,  is  not  an  essential  condi- 
tion, although  a  good  knowledge  of  analytical  chemistry  is  de- 
manded. For  information  as  to  dates  'and  places  for  holding  the 
examination  and  subjects  to  be  covered,  applicants  should  addrsss 
the  Civil  Service  Commission  at  Washington. 

It  is  probable  that  another  position  as  assistant  chemist  will  be 
open  to  competition  in  the  Geological  Survey  during  the  summer. 
,The  position  is  one  paying  $1,800  per  annum.  Only  a  fair 
knowledge  of  mineralogy  will  be  required  of  applicants  for  it,  but 
they  must  be  men  of  experience,  well  versed  in  chemical  anidysis, 
and  able  to  do  independent  work  on  problems  relating  to  geology. 
The  examination  in  this  latter  case  will  not  be  of  the  usual  kind, 
but  the  markings  will  be  based  on  education  and  technical  experi- 
ence, a  thesis  of  a  thousand  words,  and  published  work.  As  the 
filling  of  this  position  is  not  yet  in  the  hands  of  the  Civil  Service 
Commission,  inquiries  and  addresses  should  be  sent  to  the  direc- 
tor of  the  Geological  Survey,  at  Washington. 


WARNING. 

Within  the  last  four  months,  an  individual  well  acquainted 
with  the  conditions  of  chemical  laboratories  of  manufacturing 
plants,  especially  iron  and  steel  works,  is  plundering  the  chemical 
laboratories  in  Virginia,  West  Virginia,  and  now  Ohio,  of  their 
platinum  ware.  Over  a  dozen  of  such  laboratories  have  been  re- 
ported within  the  last  four  months,  and  from  the  way  the  thief 
goes  about  it,  it  is  evident  that  he  must  have  been  a  former  iron 
chemist,  thoroughly  acquainted  with  the  conditions  of  the  chem- 
ical laboratories  in  the  district  mentioned.  From  what  we  learn, 
he  is  now  traveling  up  the  Ohio  River,  toward  Pennsylvania, 
and  chemists  of  iron,  cement,  and  steel  works,  etc.,  throughout 
central  TJnited  States,  should  be  on  their  guard  against  him. 


IgHied  with  July  Nwabcr,  1903. 


Proceedings. 


COUNCIL. 

MEMBERS  ELECTED  BETWEEN  MAY  21,  AND  JUNE  3O. 
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DSCBASED  MEMBER. 

Dr.  Albert  H.  Chester,  of  New  Brunswick,  N.  J.,  member  of  the 
Society  since  1876,  died  April  13,  1903. 

MEETINGS  OF  THE  SECTIONS. 

NEW  YORK  SECTION. 

The  annual  meeting  was  held  on  June  5th,  at  the  Chemists' 
Club,  108  West  55th  Street.  The  program  was  as  follows:  "The 
Preparation  of  Anisic  Add  from  Oil  Anise,"  by  Carl  H.  Zieme 
and  M.  T.  Bogert ;  "The  Influence  of  Atmospheric  Oxidation  upon 
the  Composition  and  Analytical  Constants  of  Fatty  Oils"  (in 
abstract),  by  H.  C.  Sherman  and  M.  J.  Falk;  "A  Rapid  Method 
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for  the  Determination  of  Arsenic  in  Arsenopyrite"  (in  abstract), 
by  J.  L.  Danziger  and  W.  H.  Buckhout ;  "On  the  Structure  of 
Metals  and  Alloys"  (Part  III),  by  Wm.  Campbell— read  by  title; 
"On  the  Chemistry  of  the  Cell,"  by  P.  A.  Levene. 

The  election  of  officers  was  then  held.  Edmund  H.  Miller  was 
chosen  chairman  and  Francis  D.  Dodge,  secretary. 

Pramcis  D.  Dodob,  S^creiaty. 
KANSAS  CITY  SECTION. 

Since  last  reported,  the  Kansas  City  Section  has  held  the  follow- 
ing meetings:  The  15th  meeting  was  held  at  Lawrence,  Kas., 
October  16,  1902,  in  connection  with  the  dedication  of  the  Chem- 
ical Building  of  the  University  of  Kansas.  The  papers  presented 
were:  "The  Role  of  Chemistry  in  Higher  Education,"  by  Dr. 
Harvey  W.  Wiley ;  "A  New  Reaction  of  the  Formamidines,"  by 
F.  B.  Dains;  "Ionic  Velocities  in  Liquid  Ammonia,"  by  E.  C. 
Franklin. 

The  1 6th  meeting  was  held  at  Kansas  City,  November  11,  1902. 
Subject  of  paper,  *'The  Manufacture  and  Chemistry  of  Glass,"  by 
A.  R.  Miller. 

The  17th  meeting  was  held  at  Kansas  City,  December  13,  1902. 
Subject  of  paper,  "The  Structure  of  Camphor,"  by  R.  C.  Warren. 
The  election  of  officers  resulted  in  a  reelection  of  all  officers. 

The  i8th  meeting  was  held  at  Kansas  City,  January  10,  1903. 
Subject  of  paper,  "The  Distillation  of  Coal  Tar,"  by  W.  H.  Ful- 
weiler. 

The  19th  meeting  was  held  at  Kansas  City,  February  14,  IQ03. 
Subject  of  paper,  "Crackers,"  by  L.  L.  Cayvan. 

The  20t1i  meeting  was  held  at  Kansas  City,  March  14,  1903. 
Subject  of  paper,  "Kansas  Petroleum,"  by  E.  C.  Bartow. 

The  2ist  meeting  was  held  at  lola,  Kas.,  April  11,  1903.  The 
time  was  spent  in  visiting  the  plants  of  the  lola  Portland  Cement 
Company,  the  United  Zinc  and  Chemical  Company,  The  Cherokee- 
Lanyon  Spelter  Company  and  the  Zinc  Rolling  Mills.  Dr.  Oscar 
Gerlach  entertained  the  Society  at  dinner. 

The  22nd  meeting  was  held  at  Lawrencie,  Kas.,  May  9,  1903. 
Subjects  of  papers,  "Some  Experiments  with  Matter  at  Low 
Temperatures,"  by  H.  P.  Cady ;  "Catalysis"  (illustrated  by  experi- 
ments), by  E.  C.  Franklin. 

The  Section  adjourned  until  October,  1903. 

AuMAND  R.  MzLLsm.,  StcrOwy. 
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NEBRASKA  SECTION. 

The  32nd  regular  meeting  of  the  Nebraska  Section  was  held  in 
die  Chemical  Laboratory  of  the  University  of  Nebraska,  Saturday, 
June  6,  1903,  at  8  p.m.  The  following  papers  were  read :  fTtc- 
cent  Volumetric  Methods  for  the  Estimation  of  Arsenic  in  Insecti- 
cides," by  Dr.  Samuel  Avery;  "A  New  Class  of  Double  Lead 
Salts/'  by  Dr.  John  White.  jo™  wmr.,  se€rHm^. 

CINCINNATI  SECTION. 

The  102nd  regular  meeting  of  the  Section  was  held  in  Hanna 
Hall,  University  of  Cincinnati,  Wednesday,  June  loth,  at  8 
P.M.  The  following  topic  for  discussion  was  presented :  "Recent 
Additions  to  Our  Knowledge  of  the  Chemistry  of  the  Metals  of  the 
Platinum  Group,"  by  James  Lewis  Howe.  j.  p;sk«x.  secrttary, 

RHODE  ISLAND  SECTION. 

At  the  r^[ular  meeting  held  March  27th,  Dr.  H.  W.  Wiley  was 
the  guest  of  the  Section,  and  a  dinner  was  given  in  his  honor. 

No  meeting  was  held  in  April. 

At  the  meeting  held  May  21st,  Mr.  Charles  E.  Swett  addressed 
the  Section  on  "The  Treatment  of  the  Waste  Waters  of  a  Woolen 

Mill."  Cbas.  M.  PBxmT,  Seerdary, 

CAXIPORNIA  SECTION. 

The  eleventh  meeting  of  this  Section  was  held  Saturday,  May 
9th,  at  8  P.M.,  in  Jules  Restaurant,  315  Pine  Street,  San  Fran- 
cisco, and  the  paper  of  the  evening  was  by  Professor  W.  B.  Ris- 
ing, of  the  University  of  California,  on  "  Development  of  Chem- 
ical Industry  in  Germany. ' '  .  hamlt  bast  miluou  Surrt^ty. 

PITTSBURG  SECTION. 

The  third  regular  monthly  meeting  of  the  Pittsburg  Section  of 
the  American  Chemical  Society  was  held  with  the  Chemical  Sec- 
tion of  the  Engineers'  Society  of  Western  Pennsylvania,  at  their 
rooms,  No.  410  Penn  Avenue,  Thursday  evening.  May  21,  1903. 

A  paper  was  read  by  Mr.  J.  E.  Babb,  on  "  Methods  of  Analy- 
sis and  Data  on  the  Composition  of  Aqua  Regia.'* 

Gbo.  p.  MAtnLT,  SfcrHmty. 
CORNELL  SECTION. 

The  fourth  regular  meeting  of  the  Cornell  Section  was  held  in 
Chemical  Lecture  Room  No.  i,  on  Monday  May  i8th,  at  8.00  p.m. 

Professor  Ernest  Merritt,  of  the  Department  of  Physics,  ad- 
dressed the  Section  on  "Some  Recent  Development  in  the  Study 
of  Radioactive  Substances. "  w.  c  gb*.  Secmmfy. 
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MICHIGAN  SECTION. 

A  meeting  was  held  on  Friday,  March  27th,  at  the  University 
of  Michigan.  The  following  papers  were  .  presented :  G.  O, 
Higley,  "Some  Hydrates  of  Chromium  Chloride;"  A.  N.  Clover, 
"Hydrolysis  of  Organic  Peroxides;"  P.  F.  Trowbridge,  "The 
Recovery  of  Sugar  from  Beet  Molasses."  The  following  officers 
were  reelected  for  the  ensuing  year :  President,  E.  D.  Campbell ; 
Councilor,  M.  Gomberg;  Secretary-Treasurer,  Alfred  H.  White; 
Elective  Members  of  the  Executive  Committee,  P.  F.  Trow- 
bridge, S.  G.  Jenks,  O.  Button.  alpred  h.  whitb,  Ssctttary, 


CONGRESS  OF  APPLIED  CHEMISTRY. 

I  beg  to  offer,  herewith,  the  report  of  the  committee  appointed 
by  the  president  of  the  Society,  under  the  authority  of  the  Council, 
to  organize  the  American  sections  of  the  Fifth  International 
Congress  of  Applied  Chemistry  which  met  in  Berlin,  Germany, 
June  2-8,  1903. 

The  names  of  the  members  of  the  committee  appointed  are  found 
in  the  Journal  of  the  Society,  Vol.  XXIV,  No.  12,  Proceedings, 
pages  91-94. 

Since  the  publication  of  the  list,  the  Chairman  of  Section  IX, 
Dr.  L.  H.  Friedburg,  requested  that  he  be  relieved  of  his  duties  as 
chairman  on  account  of  private  business,  and  Dr.  Leo  Baekeland, 
of  Snug  Rock,  Yonkers,  N.  Y.,  was  appointed  in  his  place. 

The  chairman  of  each  of  the  sectional  committees  was  requested 
to  tmdertake  all  the  work  in  connection  with  his  particular  section 
and  the  other  members  of  the  sectional  committees  were  requested 
to  collaborate  with  him.  This  subdivision  of  the  work  resulted 
most  happily  both  in  respect  of  securing  the  interest  of  the  mem- 
bers of  the  Society  in  the  Congress,  and  especially  in  obtaining 
large  numbers  of  papers  for  transmission  to  Berlin. 

The  response  of  American  chemists  to  the  appeals  of  the  chair- 
men of  the  various  sections  was  most  generous.  The  members 
were  given  the  option  of  either  sending  their  membership  fees  di- 
rectly to  Berlin  or  of  transmitting  them  to  the  Chairman  of  the 
General  Committee.  Through  the  latter  source  there  have  been 
forwarded  to  Berlin  122  membership  fees,  for  which  receipts  are 
held.  Your  chairman  has  no  means  of  knowing  how  many  mem- 
bership fees  were  forwarded  directly  to  Berlin  or  paid  there  on  the 
arrival  of  del^fates  from  this  country.    There  is  every  reason  to 
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believe,  however,  from  the  knowledge  at  hand,  that  the  total 
membership  from  this  county  will  reach  nearly  150. 

The  Chairman  of  the  General  Committee  also  undertook  to  dis- 
tribute the  invitations  to  American  chemists,  and  of  these  there 
were  1200  sent,  only  a  little  more  than  half  enough  to  send  to  the 
members  of  our  Society.  These  were  distributed  to  such  members 
as  it  was  thought  would  be  most  interested  in  the  Congress.  The 
general  invitation,  however,  in  the  Journal  of  the  American 
Chemical  Society  for  December,  1902,  was  of  such  a  character 
as  to  bring  to  the  attention  of  the  members  the  general  purpose 
and  scope  of  the  Congress. 

An  official  invitation  from  the  German  Government  to  the 
Government  of  the  United  States  to  participate  in  the  Congress 
came  too  late  to  insert  in  the  Journal.  Under  this  invitation,  the 
Secretary  of  the  State,  when  furnished  with  the  proper  recom- 
mendations, appointed  a  number  of  the  members  of  the  Society  as 
delegates  from  the  United  States.  The  president  of  the  Sodcty 
also  gave,  under  the  authority  of  the  Council,  special  certificates  to 
members  of  the  Society  who  expected  to  be  present  in  person. 
Five  certificates  of  a  similar  character  were  issued  by  the  president 
of  the  Electrochemical  Society.  Your  chairman  is  not  in  posses- 
sion of  all  the  data  in  the  case,  but  from  correspondence  and  per- 
sonal interviews  he  believes  there  were  from  twenty-five  to  thirty 
delegates  present  at  Berlin  from  this  country.  He  regrets  that 
official  business  of  an  imperative  character  prevented  him  from 
joining  them  at  the  Congress. 

The  number  of  papers  received  by  the  chairman  of  the  Com- 
mittee for  transmission  to  Berlin  was  99.  As  doubtless  many 
papers  have  been  sent  directly  to  Berlin  by  their  authors  and  are 
not  included  in  this  list  of  papers  forwarded  from  this  country, 
the  total  number  will  certainly  be  more  than  100. 
The  titles  and  authors  of  these  papers  follow : 

'*  Miscellaneous  Methods  of  Inorganic  Analysis  and  Assay  (except  Elec- 
trolytic Methods  and  those  pertaining  to  the  Rare  Earths),*'  W.  P.  Hille- 
brand. 

*•  Rare  Earths."  Chas.  Baskerville. 

*'  Electrochemical  Analysis,"  F.  J.  Moore. 

'*  Mineral  Chemistry."  W.  K.  Hillebrand. 

'*  Methods  Used  in  Alkali  Works,"  }.  O.  Pennock  and  D.  A.  Morton. 

'*  Iron  and  Steel."  A.  A.  Blair. 

*'  Portland  Cement."  C.  Richardson. 
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,**  Explosives,*'  C.  B.  Mnnroe. 

*•  Sanitary  Chemistry  (Water,  Air),"  Mrs.  E.  H.  Richards. 

"  FertUizere,*'  F.  P.  Veitch.       . 

'*  Ultimate  Organic  Analysis,"  H.  W.  Hillyer. 

"American  Practice  in  the  Examination  of  Petroleum  and  Petroleum 
Products,'*  S.  S.  Sadtler. 

"  Bitumens,"  C.  Richardson. 

**  Oils  (except  those  used  for  Painto),  Fats,  Soaps,"  A.  H.  Gill. 

*<  Pharmaceutical  Chemistry,"  L.  P.  Kebler. 

"  Ash  Infi:redients  of  Plants,"  G.  S.  Praps. 

*•  Tanning,"  W.  H.  Krug. 

**  Dairy  Producto  and  their  Substitutes,*'  G.  E.  Patrick. 

**  Human  Foods,"  W.  D.  Bigelow. 

"Sugars,**  L.  S.  Munson. 

*'  Cattle  Foods,'*  J.  K.  Haywood. 

'*  Insecticides  and  Fungicides,'*  J.  K.  Ha3rwood. 

"  Addenda— Combustion  and  Other  Heating  Apparatus,*'  W.  F.  Hille- 
brand. 

**  Drawing  of  Samples  and  Analyzing  Carbide  and  Acetylene,"  }.  M. 
Morehead. 

"  Boric  Add  and  Borax,"  Edward  Hart. 

"  Sulphuric  Acid— Review  of  the  Progress  in  the  United  States  since 
1900,"  F.  J.  Falding. 

'*  Progress  of  the  Soda  Industry  in  the  United  States  since  1900,"  J.  D. 
Pennock. 

**  Development  in  the  Carborundum  and  Graphite  Industries  since 
1900,"  E.  G.Acheson. 

"  Mixed  Acids  for  Nitrocellulose  Manufacture,**  G.  W.  Patterson. 

'*  Regulations  for  Transportation  of  Explosives,**  Penn.  R.R.  Co. 

**  Some  Chemical  Constants  of  Fossil  Resins,**  R.  A.  Worstall. 

"A  Preliminary  Report  upon  the  Oxidation  of  Linseed  Oil,*'  F.  L. 
Dunlap  and  P.  D.  Shenk. 

"On  the  Occurrence  of  Cholesterol  in  Olive  Oil,"  A.  h!  Gill  and  A.  G. 
Tufts. 

"  Review  of  the  Progress  in  Organic  and  Technical  Chemistry  Relating 
to  Forest  Products  in  the  United  States  from  July,  1900,  to  the  Present 
Time,"  W.  H.  Krug. 

"The  Present  Status  of  the  Extract  Industry  in  the  United  States, 
1903,'*  G.  A.  Kerr. 

"The  Wood  Distillation  Industry  in  the  United  States  in  1900,"  C.  E. 
Munroe. 

"Waste  Waters  from  Pulp  and  Paper  Mills,**  M.  L.  Griffin. 

"  The  Development  of  the  By-Product  Coking  Industry  in  the  United 
States.**  E.  W.  Parker. 

"  By-Product  Coke  Industry  of  the  United  States,'*  J.  D.  Pennock. 

"  Corn  Oil — Its  Manufacture  and  Chemical  Properties,'*  Thos.  Gaunt. 

'*  The  Present  Status  of  the  Dyeing  Industries  of  the  United  States," 
J.  M.  Matthews. 
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*'  The  Coal-Ur  Indostry  in  the  United  SUtes,**  H.  W.  Jayne. 

'*  The  Celluloee  Industries  in  the  United  States,'*  A.  D.  LitUe. 

"The  Commercial  Utilization  of  Milk  Waste  and  the  More  Hecent 
Products  of  Milk  in  a  Dry  Form,**  J.  A.  Just. 

'*  Some  Metabolism  Bzperiments  in  Poultry,"  B.  A.  de  Schweimtz  and 
B.  W.  Brown. 

"  The  Composition  of  the  Tubercle  Bacilli  from  Various  Animala,"  E. 
A.  de  Schweinitz  and  M.  Dorset. 

"  Notes  on  Testing  Soils  for  Application  of  Commercial  Fertilizers,"  H. 
A.  Weber. 

*'  The  Services  of  Chemistry  and  Allied  Sciences  Applied  to  Agriculture 
in  the  United  SUtes,*'  H.  W.  Wiley. 

"A  New  Method  for  Performing  MeUbolism  Bxperiments,"  P.  H.  Mc» 
Crudden. 

'*  Nutrition  Investigations  in  California,"  M.  B.  Jaffa. 

'*  Investigations  on  the  Nutrition  of  Man  Conducted  under  Snpervisioii 
of  the  Office  of  Bxperiment  Stations,  U.  S.  Department  of  Agriculture,**  R. 
D.  Milner. 

'*  Drugs  and  Their  Adulterations  and  the  Laws  Relating  Thereto,"  H. 
W.  Wiley. 

*'  R6sum^  of  Japanese  Nutrition  Investigations,"  K.  Oshima. 

"  On  the  Toning  Action  of  a  Mixture  of  Thiosnlphate  of  Sodium  and 
Alum,"  Leo  Baekeland. 

"Method  for  Determining  the  Relative  Permanency  of  Photographic 
Prints,"  Leo  Baekeland. 

"The  Photochemical  Industry  of  the  United  States,"  Leo  Baekeland. 

"  On  the  Influence  of  Hygrometric  Conditions  of  the  Atmosphere  in  the 
Manufacture  of  Photographic  Paper,"  Leo  Baekeland. 

"  Photo-retrogression,  or  the  Disappearance  of  the  Latent  Photographic 
Image,"  Leo  Baekeland. 

"  Centrifugal  Bromide  of  Silver  for  Bromide  Bmulsions,"  Leo  Baeke- 
land." 

"  The  Art  and  Science  of  Silvering  Mirrors,"  M.  Toch. 

"  A  Practical  Method  for  the  Quantitative  Determination  of  Silver  in 
Photographic  Paper,"  Leo  Baekeland. 

"  The  Electrolytic  Action  of  Metallic  Particles  in  Sensitized  Papers," 
Leo  Baekeland. 

*'  Report  on  the  Progress  in  Electrochemistry  in  the  United  SUtes  since 
1900,"  C.  A.  Doremus. 

"  Outline  of  Researches  in  Physical  Chemistry  Made  in  America,"  A. 
A.  Noyes  and  W.  D.  Bancroft. 

"  Legal  and  Economic  Problems  in  Connection  with  the  Chemical  In- 
dustries," J.  W.  Mallet. 

"  Pood  Legislation  in  the  United  States,"  W.  D.  Bigelow  and  H.  W. 
Wiley. 

"  Report  of  the  Committee  on  Mining,  Metallurgy  and  Bxplonves  in  the 
United  States,"  C.  B.  Munroe. 
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**  On  the  Presence  and  Bffect  of  Ferric  Oxide,  on  Commercial  Hop  Bz- 
tracts/'  C.  B.  Davis. 

**  On  the  Manufactuxe  of  Perro-titaninm  and  Other  Metallic  Alloys 
Electrically/'  A.  J.  Rossi. 

^*  A  Process  for  the  Treatment  and  Utilisation  of  Pine  Dnst,  Down-comer 
Dust,  Stove  Dnst,  and  Fine  or  Mesaba  Ores,  in  the  Blast-furnace,''  J.  C. 
Attiz. 

'*  Progress  of  Chemistry  in  the  Leather  Trade,"  B.  D.  Deming. 

**  Recent  Progress  in  the  Salt  Industry  in  the  United  States  of  America,** 
E.  H.  S.  Bailey. 

''  The  Cement  Industry  in  the  United  SUtes,"  B.  B.  McCready. 
.  **  Liquid  Air,"  B.  C.  Poeter. 

''The  Pittoburg  Coal  Seam,"  F.  Z.  ScheUenbecg. 

''  A  New  Centrifugal  Soil  Btutriator,"  P.  A.  Yoder. 

**  Nitrification  in  Arable.Soils/'  W.  A.  Withers  and  G.  S.  Frapa. 

'*  Determination  of  the  Nitrifying  Power  of  Soils,"  G.  S.  Praps. 

'*  The  Analysu  of  Whest  and  Flour  for  Commerdai  Purposes,"  Harry 
Snyder. 

**  Methods  for  the  Determination  of  Total  Phosphoric  Add  and  Potash 
in  Soils,"  C.  B.  Williams. 

«*  PertUizers,"  J.  P.  Street. 

**  A  Review  of  the  Progress  in  Chemistry  of  Insectiddes  and  Fungi- 
ddes  since  July  i,  i^cx),"  J.  K.  Haywood. 

"  A  R^sum^  of  Some  Chemical  Studies  upon  Soils,  Made  in  America, 
1900-1903,"  P.  K.  Cameron. 

*'  Abstracts  Relating  to  Apparatus  Employed  in  Agricultural  Chemical 
Analysis,  July,  1900,  to  April,  1903,*^  B.  B.  Ross. 

"Feedstuffs:  Their  Analysis,  Compodtion,  Digestibility,  Sophistica- 
tion, Manufacture,  and  Value  for  Spedfic  Purposes,"  C.  P.  Langworthy. 

''Review  of  the  Condition  of  tbe  Chemical  Industries  of  Oiganic 
Products  in  the  United  States,"  Wm.  McMurtrie. 

'*  Carbon  Blacks,"  G.  L.  Cabot. 

'*  A  Method  of  Qualitative  Analysis  for  All  the  Elements  Preapitable  by 
Hydrogen  Sulphide,'*  A.  A;  Noyes. 

**  The  Estimation  of  Formaldehyde  in  MUk,"  B.  H.  Smith. 

**  A  Comparative  Study  of  Methods  of  Determining  Formaldehyde,"  B. 
H.  Smith. 

*'  A  Study  in  Raffinose  Determinations,"  D.  L.  DavoU. 

**  The  Influence  of  Environment  on  the  Composition  of  the  Sugar-Beet," 
H.  W.  Wiley. 

*'The  Permissible  Quantity  of  Sugar  in  Imported  Preserved  Bananas,'* 
H.  W.  Wiley. 

"  The  CompoMtion  of  Fresh  and  Canned  Bananas,"  L.  S.  Munson  and 
L.  M.  Tolman. 

Some  of  the  papers  arrived  here  too  late  to  reach  Beriin  in  time 
to  print  before  the  beginning  of  the  Congress,  and  therefore  I  have 
not  bad  a  receipt  from  Dr.  George  Pulvermacher,  the  general 
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secretary,  of  their  arrival  in  Berlin.  I  have,  however,  his  receipt 
for  the  arrival  of  eighty-one  papers,  some  of  which  reached  him  in 
time  to  be  printed  before  the  Congress  began ;  the  others,  unless 
scxne  unusual  delay  occurred  in  the  mails,  arrived  in  time  to  be 
presented  to  the  Congress.  The  papers  were  assigned  to  the  fol- 
lowing sections: 

Section  I,  30  papers;  Section  II,  8  papers;  Section  III,  3 
papers ;  Section  IV,  18  papers ;  Section  V,  4  papers ;  Section  VI, 
o  papers;  Section  VII,  17  papers;  Section  VIII,  5  papers;  Sec- 
tion IX,  9  papers ;  Section  X,  3  papers ;  Section  XI,  2  papers. 

The  average  number  of  typewritten  pages  per  paper  was  10, 
making  the  total  number  of  typewritten  pages  forwarded  to  Bcriin 
990.  It  can  be  seen  from  the  above  assignment  of  papers  that 
every  section  is  represented  by  one  or  more  papers  except  Sec- 
tion VI. 

Dr.  Pulvermacher,  in  acknowledging  the  receipt  of  the  papers, 
informed  me  that  the  Committee  on  Publication  had  decided  to 
publish  no  papers  in  the-proceedings  unless  the  authors  were  mem- 
bers of  the  Congress.  Twenty-five  of  the  authors  of  papers,  at 
the  time  Dr.  Pulvermacher  acknowledgd  their  receipt,  had  not 
qualified  as  members  of  the  Congress.  I  immediately  addressed  a 
note  to  each  of  these  authors,  asking  him  to  forward  at  once  di- 
rectly to  Dr.  Pulvermacher  the  membership  fee  of  20  marks,  in 
order  that  his  paper  might  appear  in  the  published  proceedings. 
The  collection  of  these  large  amounts  of  original  valuable  material 
from  the  American  chemists  is  due  especially  to  the  chairmen  of 
the  various  sections,  who,  by  personal  correspondence  and  other- 
wise, were  able  to  present  so  many  papers  on  the  respective  sub- 
jects assigned  to  them. 

H.  W.  Wiley, 

Chairman  of  the  American 
Committee  on  Organization. 


iMacd  with  Auguit  Number,  19^3. 
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MINUTES  OF   THE  TWENTY-EIGHTH    GENERAL 

MEETING  OP   THE  AMERICAN  CHEMICAL 

SOCIETY. 

The  twenty-eighth  general  meeting  of  the  American  Chemical 
Society  was  held  at  Cleveland,  Ohio,  June  29  and  30,  1903. 

The  opening  session  was  held  at  the  rooms  of  the  Associated 
Technical  Clubs,  at  9.30  a.m.,  Monday,  June  29th.  Professor 
Edward  W.  Morley  gave  a  brief  address  of  welcome  in  behalf  of 
the  Cleveland  Chemical  Society,  and  there  was  a  reply  by  President 
John  H.  Long. 

The  following  papers  were  presented. 

"Contributions  to  the  Chemistry  of  Hydronitric  Acid,"  by  L.  M. 
Dennis  and  A.  W.  Browne. 

"The  Transport  Number  of  Sulphuric  Acid,"  by  O.  F.  Tower. 

"The  Role  of  Water  in  the  Electro-Deposition  of  Lithium  from 
Pyridine  and  from  Acetone,"  by  H.  E.  Patten  and  W.  R.  Mott. 

"The  Viscosity  of  Solutions  of  Metallic  Salts :  Its  Bearing  upon 
the  Nature  of  the  Compound  between  Solvent  and  Solute,"  bv 
Arthur  A.  Blanchard. 

"The  Constitution  of  Sulphur  Chloride,"  by  W.  R.  Smith  and 
L  F.  B.  Wade. 

"Mercurous  Sulphide,"  by  Charles  Baskerville. 

"The  Proportions  of  Silver  Nitrate  and  of  Silver  Sulphate 
Formed  by  the  Action  of  Nitric  Acid  on  Silver  Sulphide,"  by 
Hippol)rte  Gruener. 

"The  Action  of  Dissolved  Oxygen  on  Cuprous  Chloride,"  by 
W.  M.  Blanchard  and  Bert  D.  Ingles. 

"The  Action  of  Hydrogen  Peroxide  on  Cuprous  Chloride,"  by 
W.  M.  Blanchard. 
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"On  the  Chiu.c»eable  Hydrolytic  Equilibrium  of  Dissolved 
Chromic  Sulphate,"  by  T.  W.  Richards  and  F.  Bonnet,  Jr. 

Monday  afternoon,  members  of  the  Society  were  taken  on  a 
drive,  which  gave  a  view  of  one  of  the  diief  industrial  centers  of 
Cleveland,  and  included  the  following  special  features :  Cleveland 
Furnace  Company,  Central  furnaces,  River  Furnace,  Grassdli 
Chemical  Company,  Standard  Oil  Company,  and  many  minor 
industrial  concerns.  The  viaducts  and  bridges,  and  the  complete 
dock  system  of  Cleveland.  Dry  dock,  ore  docks,  and  automatic 
unloaders.    Ship  yards. 

Monday  evening.  Dr.  Gomberg  gave  a  lecture  at  the  University 
Club  on  the  subject  of  "Trivalent  Carbon."  This  was  followed 
by  a  social  meeting  under  the  auspices  of  the  Cleveland  Chemical 
Society. 

Tuesday  morning,  June  30th,  a  session  was  held  in  the  lecture 
room  of  the  Chemical  Laboratory  of  the  Case  School  of  Applied 
Science.    The  following  papers  were  presented : 

"2-Amino-3,5-bibrombenzoic  Acid,  Its  Nitrile,  and  Synthesis  of 
Quinazolines  from  the  Latter,"  by  Marston  T.  Bogert  and  William 
F.  Hand. 

"The  Acids  of  the  Colophonium  of  the  Northern  Pine,"  by  G.  B. 
Frankforter  and  Clara  Hillsheim. 

"The  Products  of  the  Pitch  of  the  Douglass  Fir,"  by  G.  B. 
Frankforter. 

"The  Derivations  of  Eugcnol,"  by  G.  B.  Frankforter  and  Max 
Lands. 

"The  Synthesis  of  /8-Methyladipic  Acid,"  by  W.  A.  Noyes  and 
L  J.  Cox. 

"Kansas  Petroleum,"  by  Edward  Bartow. 

"The  Determination  of  Sulphur  in  Iron,"  by  Allen  P.  Ford  and 
Ogden  G.  Willey. 

"The  Toxic  Limits  of  Acid  for  Some  Seedlings,"  by  Frank  K. 
Cameron. 

"Analysis  of  Sea- Water  from  Wood's  Hde,  Mass.,"  by  A.  P. 
Saunders. 

"On  the  Relation  of  the  Specific  Gravity  of  Urine  to  the  Solids 
Present,"  by  J.  H.  Long. 

"Cereal'  Foods,"  by  Edward  Gudeman. 

"The  Determination  of  Starch,"  by  W.  A.  Noyes  and  R.  B. 
Arnold. 
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A  very  hearty  vote  of  thanks  was  given  to  the  Cleveland  Chem- 
ical Society  for  the  very  excellent  arrangements  made  fpr  the 
entertainment  of  the  Society ;  to  the  Associated  Technical  Clubs  of 
Cleveland ;  to  the  University  Club;  to  the  Case  School  of  Applied 
Science;  to  Mr.  Hippol}rte  Gruener  for  the  excellent  manner  in 
which  he  carried  out  the  wishes  of  the  Cleveland  Chemical  Society 
in  making  the  arrangements  for  the  meeting;  and  to  the  Grasselli 
Chemical  Company  for  the  drive  through  the  parks  of  Cleveland 
and  the  luncheon  at  the  HoUenden,  which  they  so  generously  pro- 
vided.   The  formal  meeting  was  then  adjourned. 

After  the  morning  session,  the  members  of  the  Society  were  en- 
teitained  by  a  drive  through  the  Cleveland  parks  and  a  luncheon, 
by  courtesy  of  the  Grasselli  Chemical  Company. 

Tuesday  afternoon  there  was  the  alternative  of  two  excursions: 
(i)  Newburg  Rolling  Mills,  blast-furnaces,  Bessemer  converters, 
Wellman-Seaver  open-hearth  furnaces,  and  rolling  mills.  (2) 
Gas  Works,  No.  2,  coal  and  water  gas  plants,  and  United  Salt 
Company  (salt  from  brine  wells). 

Tuesday  evening,  at  7  o'clock  there  was  an  informal  subscription 
dinner  at  the  HoUenden  Hotel.  President  Long  acted  as  toast- 
master  and  there  were  responses  by  Messrs.  Mabery,  Prescott, 
Ross,  Frankforter,  Barton,  Dennis,  W.  R.  Smith,  Pond  and 
Cameron. 

Wednesday  morning,  a  few  of  the  members  visited  the  plant  of 
the  Cleveland  Furnace  Company. 

BOARD  OP  DIRECTORS. 

A  meeting  of  the  Board  of  Directors  was  held  at  the  Chemists' 
Club,  108  W.  S5th  St.,  New  York  City,  July  9, 1903.  The  directors 
present  were  A.  P.  Hallock,  C,  A.  Doifemus,  E.  E.  Smith  and 
W.  A.  Noyes.  In  the  absence  of  the  president,  A.  P.  Hallock  was 
chosen  chairman,  pro  tern. 

It  was  moved  that  all  action  and  recommendadons  6f  the  Council 
taken  at  the  Washington  and  Cleveland  meetings,  so  far  as  these 
pertain  to  finance  or  to  business  of  the  Society  which  comes  legiti- 
mately before  the  Directors,  are  hereby  adopted  and  approved  by 
the  Directors. 

It  was  moved  that  the  duplicate  key  of  the  safe  deposit  vault  be 
entrusted  to  the  chairman  of  the  Finance  Committee.  This  chair- 
man is  now  Mr.  T.  H.  WainwrighL 
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It  was  moved  that  the  treasurer's  bond  be  entrusted  to  the  chair- 
man of  the  Finance  Committee,  Mr.  J.  H.  Wainwright,  and  that 
the  stock  certificate  and  everything  else  representing  the  invested 
funds  for  the  endowment  .of  the  Nichols  Prize  Medal  for  the  New 
York  Section,  be  entrusted  to  the  treasurer. 

WiixiAM  A.  NoYES,  Secretary, 

COUNCIL. 

The  Council  met  at  the  University  Club,  Cleveland,  Ohio,  at 
745  P.M.,  June  29,  1903.  There  were  present  Messrs,  Long, 
Morley,  J.  W.  Richards,  Evans,  Cameron,  Converse,  Gudeman, 
Parsons,  Talbot,  McPherson,  Dennis,  and  W.  A.  Nqyes.  Presi- 
dent J.  H.  Long  was  in  the  chair. 

Professor  Morley  presented,  for  the  Committee  on  Cooperation 
with  the  National  Bureau  of  Standards,  a  preliminary  draft  of 
regulations  for  apparatus  to  be  used  in  volumetric  chemical  anal* 
ysis.  It  was  moved  that  the  report  be  referred  back  to  the  ccan- 
mittee  and  that  the  latter  be  authorized  to  amend  the  same  and 
publish  their  report  with  the  authority  of  the  Society. 

Professor  Morley  moved  that  the  winter  meeting  of  the  Society 
be  held  at  St.  Louis  in  conjunction  with  the  meeting  of  the  Ameri- 
can Association  for  the  Advancement  of  Science. 

Professor  Talbot  presented  an  informal  report  for  the  Com- 
mittee on  the  Quality  of  Chemical  Reagents. 

Professor  Talbot  moved  to  recommend  that  an  appropriation  of 
$100  be  made  by  the  Directors,  to  be  expended  by  the  editor  in  se- 
curing reports  of  recent  progress  in  various  fields  of  chemistry. 

Dr.  Cameron  moved  that  the  report  of  the  Committee  on 
Organizing  Divisions  of  the  Society  be  received  and  the  committee 
discharged.  It  was  then  moved  that  the  same  committee  be  reap- 
pointed and  requested  to  formulate  a  less  radical  plan  for  the  pro- 
motion of  the  interest  of  the  members  of  the  Society  in  its  meet- 
ings, after  consideration  of  the  ideas  expressed  in  the  communica- 
tions from  the  various  members  of  the  Council.  The  meeting  was 
then  adjourned.  W.  A.  NoYES,  Secretary 

MKMBER3  ELSCTSD  BETWEEN  JUNE  20  AND  JULY  20. 

Amey,  H.  V.,  356  Superior  St.,  Cleveland,  O. 
Curtiss,  Richard  Sydney,  Union  College,  Schenectauy,  N.  Y. 
Koch,  Julius  A.,  School  of  Pharmacy,  Pittsbui^,  Pa. 
Spenzer»  John  G.,  261  Amesbury  Ave.,  Cleveland,  O. 
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Zieme,  Carl  H.,  308  Sherman  Ave.,  Jersey  City  Heights,  N,  J. 

CHANGES  OP  ADDRESS. 

Bartow,  Edward,  Douglas,  Mich. 

Bourne,  L3rnian  F.,  The  Abbott  House,  Old  Orchard,  Me. 

Felt,  W.  W.,  CkJden,  Colo. 

Franklin,  Edward  C,  Stanford  University,  Cal. 

Glasoe,  P.  M.,  Spring  Grove,  Minn. 

Hall,  Roy  D.,  U.  of  P.  Dormitories,  West  Philadelphia,  Pa. 

Hancock,  Thomas  J.,  Fruitport,  Midi. 

Harms,  Armin,  care  of  Compania  Metallurgica  Mexicana,  San 
Luis  Potosi,  Mex. 

Harrell,  George  R.,  Copperfield,  Vt. 

Herreshoff,  J.  B,  F.,  40  W.  69th  St.,  N.  Y.  City. 

Hill,  Lucien  A.,  Asst.  Chemist,  McLean  Hospital,  Waverly, 
Mass. 

Johnson,  E.  M.,  Box  163,  Gas,  Kans. 

Kohr,  D.  A.,  43  Wrol  Ave.,  Dayton,  Ohio. 

Lawson,  William  L.,  Garland,  Utah. 

Lenk,  Walter  S.,  care  Lenk  Wine  Co.,  Toledo,  Ohio. 

Lyon,  Alberto  C,  921  N.  Center  St.,  Terre  Haute,  Ind. 

Makayama,  Takakichi,  care  Forest  Paper  Co.,  Yarmouthville, 
Me. 

Mojonnier,  Timothy,  care  Helvetia  Milk  Condensing  Co., 
Greeneville,  111. 

Myers,  Rolin  G.,  care  Struthers  Furnace,  Struthers,  O. 

O'Connell,  C.  J.,  Lakota,  N.  D. 

Palmer,  Irving  A.,  Eilers  Plant,  A.  S.  &  R.  Co.,  Pueblo,  Colo. 

Patterson,  Austin  M.,  care  G.  &  C.  Merriam  Co.,  Springfield, 
Mass. 

Porter,  John  Lewis,  602  Carondelet  St.,  New  Orleans,  La. 

Prentiss,  Geo.  N.,  2910  Clyboum  St.,  Milwaukee,  Wis. 

Riederer,  Herman  S.,  Newton,  Sussex  Co.,  N.  J. 

Russell,  Lee,  i  Normal  St.,  Worcester,  Mass. 

Rust,  R.  R.,  Mineral  Point  Zinc  Co.,  North  Chicago,  111. 

Sy,  Albert  P.,  Sandy  Hook  Proving  Ground,  Port  Hancock, 
N.J. 

Thurlow,  Nathaniel,  Port  Chester  Chcm.  Co.,  Port  Chester. 
N.Y. 

Tibbals,  C.  A.,  Jr.,  Marlboroon-Hudson,  N.  Y. 
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Van  Gelder,  A.  P.,  Emporium,  Pa. 

Warville,  F.  G.,  66  Rush  St.,  Flat  No.  15,  Chicago,  111. 

Weber,  R.  F.,  Salamanca,  N.  Y. 

Wheeler,  F.  G.,  Wyandotte,  Midi. 

Winter,  Frank  C,  Stanford  University,  Cal. 

Wolcott,  Clifford  H.,  Spring  Valley,  Wis. 

ADDRESSES  WANTED. 

DuPont,  F.  G.,  formerly.  Montclair,  N.  J. 

Myers,  Ralph  E.,  formerly  130  S.  South  College  St.,  Columbus, 
Ohio. 

Perri,  Mali,  formerly  8  5th  Ave.,  N.  Y.  City. 

MEETINGS  OF  THE  SECTIONS. 

RHODE  ISLAND  SECTION. 

At  the  regular  meeting  of  the  Rhode  Island  Section  held  June 
i8th,  Mr.  W.  E.  Smith  read  a  paper  on  "The  Manufacture  of 
Sulphuric  Acid  by  the  Contact  Process.'* . 

The  following  officers  of  t\ie  Seqtion  were  reelected  for  the  ensu- 
ing year:  Presiding  O&cer,  Walter  E.  ,Smith;  Secretary 'Treas- 
urer, Chas.  M'.  Perry ;  Member  of  Executive  Committee,  Chas.  E. 

Swett.  Chas.  M.  PBJtRT,  5«rr«<ffrr. 


lMa«d  with  September  Number,  1903. 
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MBMBERS  BLBCTBD  BBTWBBN  JULY  20  AND  AUGUST  20. 

Bridge,  Arthur,  657  37th  Place,  Chicago,  111. 

Bryan,  Guy,  Jr.,  care  N.  K.  Pairbank  Co.,  St.  Louis,  Mo. 

Cox.  J.  Malcom,  717  W.  Harrison  St.,  Chicago,  111. 

Foss.  Wilfred  C,  Greenville,  N.  H. 

Gibbs,  Harry  Drake,  Corvallis,  Ore. 

Green,  R.  B..  Eveleth,  Minn. 

Isenberg,  J.  E.,  424  N.  19th  St.,  Philadelphia,  Pa. 

Jepsen,  John,  657  37th  Place,  Chicago,  111. 

Johnson,  Walter  £.,  4803  Evans  Ave.,  Chicago,  111. 

Kempte,  Heinrich  A.,  182-184  Front  St.,  N.  Y.  City. 

Luckie,  R.  Ross,  Eveleth,  Minn. 

Macdonald,  (Miss)  Margaret  B.,  State  Normal  School,  Trenton, 
N.J. 

Philipp,  Herbert,  Wyandotte,  Mich. 

Scherubel,  Erwin  F.,  5531  Kimbark  Ave.,  Chicago,  111. 

Schorr,  Robert,  424  O'Farrell  St.,  San  Francisco,  Cal. 

Slimmer,  Max  Darwin,  care  of  the  S.  and  S.  Co.,  41st  St.  to 
Ashland  Ave.,  Chicago,  111. 

VoUertsen,  John  J.,  691  N.  Maplewood  Ave.,  Chicago,  111. 

Yockey.  Harry,  7th  and  Freeman  Ave.,  Cincinnati,  O. 

CHANGBS  OP  ADDRBSS. 

Apfel^  Philip  F.,  315  N.  53rd  Ave.,  Chicago,  111. 

Arnold,  Fred  N.,  Jr.,  61  Ringold  St.,  Dayton,  O. 

Arnold,  Lawrence  L.i  Balla,  Pa. 

Arnold,  Robert  B.,  308-309  Illinois  Life  Bldg.,  Louisville,  Ky. 

Bennett,  Hugh  H.,  302  N.  High  St.,  Nashville,  Tenn. 
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Bourne,  L.  M.,  Mass.  Inst.  Tech.,  Boston,  Mass. 

Brown,  H.  E.,  203  Park  Ave.,  New  Castle,  Pa. 

Chambliss,  Hardee,  127  Maple  Ave.,  Flushing,  N.  Y. 

Clarke,  C.  H.,  Cornwall  Hotel,  Sault  Ste.  Marie,  Can. 

Colby,  Albert  Ladd,  International  Nickel  Co.,  74  Broadway, 
New  York  City. 

Crane,  Jasper  E.,  Technology  Chambers,  Irvington  St.,  Bos- 
ton, Mass. 

Dales,  Benton,  Univ.  of  Nebraska,  Lincoln,  Neb. 

Elliott,  E.  C,  Teachers'  College,  Columbia  Univ.,  New  York 
City. 

Ferris,  W.  S.,  Care  of  Miami  Mining  Co.,  Concord,  N.  C, 
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Dearborn  Sts.,  Chicago,  111. 
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Perley,  W.  M.,  158  Riverside  Ave. ,  Medford,  Mass. 
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Wakeman,  Alfred  J.,  819  Madison  Ave.,  New  York  City. 
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Warren,  Robt.  C,  care  Dr.  J.  Robt.  Moechel,  802  Locust  St. 
Kansas  City,  Mo. 
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DECBASBD  MEMBERS. 

William  Ellsworth,  of  Brooklyn,  N.  Y.,  member  of  the  Society 
since  1898,  died  in  June,  1903. 

Arthur  W.  Walls,  of  North,  Wobum,  Mass.,  member  of  the 
Society  since  1898,  died  July  7,  1903. 

HENRY  BARKER  HILL. 

Henry  Barker  Hill  was  eminent  as  a  chemist,  an  administrative 
officer,  and  a  teacher.  He  was  born  in  Waltham,  Massachusetts, 
April  27,  1849,  the  son  of  the  Rev.  Thomas  Hill,  President  of 
Antioch  College,  and  later  of  Harvard  University.  After  gradua- 
ting from  Harvard  College  and  taking  a  year  of  study  under 
A.  W.  Hofmann,  in  Berlin,  he  was  appointed  Assistant  in  Chem- 
istry, at  Harvard  University,  in  1870,  where  he  remained  as  As- 
sistant Professor,  Professor,  and  Director  of  the  Laboratory,  until 
his  death,  April  6,  1903. 

After  the  publication  of  two  brilliant  papers  on  methyluric 
add,  in  which  he  described,  for  the  first  time,  the  method  of 
attack,  since  used  with  such  conspicuous  success  by  Emil  Fischer, 
it  was  his  good  fortune  to  discover  furfurol  among  the  waste 
products  of  an  acetic  acid  factory,  thus  securing  an  unlimited 
supply  of  this  chemical  rarity.  He  made  such  a  good  use  of  this 
happy  chance  that  he  converted  the  f urf urane  group  from  an  un- 
explored waste  into^  one  of  the  best  Jcnown  of  the  larger  domains 
of  chemistry — an  achievement  of  which  any  chemist  may  feel 
proud.  His  work  on  this  subject  is  described  in  over  thirty 
papers,  which  show  Hill's  great  qualities  as  a  chemist — his  grasp 
of  the  subject  and  power  of  close  and  logical  reasoning,  his  un- 
common experimental  ability,  and  above  all  his  accuracy  and 
thoroughness.  Most  chemists  are  content  with  the  work  of  their 
students  after  testing  it  at  two  or  three  points,  but  he  was  never 
willing  to  publish  until  he  had  repeated  the  whole  of  it  with  his 
own  hands,  and,  although  this  diminished  the  number  of  his 
papers,  the  loss  in  quantity  was  more  than  made  up  by  the  finish 
and  authority  of  his  published  work. 
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As  Director  of  the  Chemical  Laboratory  of  Harvard  University, 
he  was  confronted  with  the  problem  of  forcing  the  rapidly  grow- 
ing department  into  an  antiquated  building,  originally  planned 
for  forty  students,  with  walls  both  inside  and  out  of  hampering 
massiveness.  Under  these  discouraging  conditions,  he  contrived 
adequate  laboratories,  which  were  used  by  seven  hundred  stu- 
dents, and  were  enriched  by  new  forms  of  apparatus,  which  revo- 
lutionize the  methods  of  chemical  architecture. 

As  a  teacher,  he  developed  qualitative  analysis,  too  often  taught 
in  a  purely  mechanical  way,  into  one  of  the  best  of  educational 
disciplines.  His  lectures  on  organic  chemistry  were  models  of 
comprehensiveness  and  of  the  preservation  of  the  just  relation 
between  the  important  and  the  unimportant.  Yet  with  all  this 
devotion  to  his  science  he  was  no  narrow  specialist,  but  a  man  of 
broad  and  varied  interests  and  high  attainments. 

Engrossed  in  his  work  and  of  a  retiring  disposition,  he  is  known 
to  the  chemical  world  almost  exclusively  by  his  researches,  so 
that  only  a  few  intimate  friends  knew  his  patience,  unselfishness^ 
and  modesty,  his  warm,  affectionate  nature,  the  fortitude,  which 
never  allowed  bodily  weakness  to  interfere  with  his  duties,  the 
poise  and  sanity  of  his  judgment,  and  above  all  the  entire  sin- 
cerity, the  aggressive  honesty,  which  were  the  expression  of  the 
ruling  principle  of  his  life — an  almost  passionate  devotion  to 
truth.  C.  LoRiNG  Jackson. 

MEETINGS  OF  THE  SECTIONS. 

NEW  YORK  SECTION. 

The  first  regular  meeting  gf  the  Section  was  held  Friday,  Octo- 
ber 9th,  at  the  Chemists*  Club,  io8  West  55th  Street. 

The  program  for  the  evening  was  as  follows :  "  The  Volumet- 
ric Determination  of  Zinc,"  by  W.  J.  Waring;  '•  Nitro-sulphuric 
Acid  and  Its  Action  on  Organic  Compounds,"  by  C.  W.  Volney; 
"  The  Reduction  of  Lead  from  Litharge  in  Preliminary  Assays 
and  the  Advantages  of  an  Oxide  Slag,"  by  E.  H.  Miller,  E.  J. 
Hall,  and  M.  J.  Falk.  h.  c.  shsrkaii.  s«c»«to7. 

WASHINGTON  SECTION. 

The  144th  regular  meeting  was  held  Thursday,  October  8th»  in 
the  Assembly  Hall  of  the  Cosmos  Club. 
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The  program  follows  :  "Second  Report  on  Cement  Analyses/' 
by  W.  F.  Hillebrand  ;  '*  Precipitation  of  Zinc  by  Manganese  Per- 
oxide, with  Especial  Reference  to  the  Volhard  Method  of  Deter- 
mining Manganese/'  by  Atherton  Seidell;  "Solubility  of  Calcium 
Sulphate  in  Dilute  Sulphuric  Acid/'  by  Prank  K.  Cameron  and 

J.   F.   Brezeale.  a.  Sbidklu  Secretaty pro  tem, 

CINCINNATI   SECTION. 

The  103rd  regular  meeting  of  the  Section  was  held  in  Hanna 
Hall,  University  of  Cincinnati,  Wednesday,  October  14th. 

The  following  topics  for  discussion  were  presented:  "A 
Method  for  the  Estimation  of  Chlorides,  Bromides,  and  Iodides," 
by  Stanley  Benedict  and  J.  P.  Snell;  Reviews,  by  H.  E.  Newman. 

J.  p.  8NBLL.  Secrelaty. 
CORNBLL   SECTION. 

At  the  annual  meeting  held  May  28th,  the  following  officers 
were* elected  for  one  year:  President^  W.  D.-  Bancroft;  Vice* 
President,  W.  R.  Omdorff;  Secretary -Treasurer,  W.  C.  Geer ; 
Executive  Committee,  E.  S.  Shepherd,  C.  L.  Rand,  and  J.  W. 
Schade. 

The  first  regular  meeting  of  the  year  was  held  in  Morse  Hall, 
on  Tuesday,  October  6th. 

The  program  follows  :  "  On  Bilirubin,  the  Red  Coloring-mat- 
ter of  the  Bile,"  by  J.  E.  Teeple  ;  **  An  Apparatus  for  the  Elec- 
trolytic Determination  of  Metals,  Using  a  Rotating  Cathode,"  by 
E.  S.  Shepherd  ;  "The  Resistance  of  Glass  Tubes  to  Bursting 
Pr^sure,"  by  A.  W.  Browne.  w.  c.  gber.  Sor^tor,^. 

CALIFORNIA   SECTION. 

The  twelfth  or  annual  meeting  was  held  at  Caf6  Odeon,  in  San 
Francisco,  September  12,  1903. 

The  following  officers  were  elected  :  J.  M.  Stillman,  Chairman; 
Felix  Lengfeld,  Vice-Chairman;  Edmond  O'Neill,  Counselor,  ^ltA 
H.  E.  Miller,  Secretary- Treasurer.  The  meeting  was  preceded 
by  a  dinner,  served  k  la  carte,  and  the  poor  attendance  showed 
conclusively  that  this  is  not  a  popular  form  of  dining.  The  paper 
of  the  evening  was  by  Mr.  R.  H.  Freund,  on  "  The  Occurrence 
of  Pentosans  in  Urine  and  Their  Recognition."  After  a  discus- 
sion of  the  paper,  the  meeting  adjourned. 
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The  thirteenth  meeting  of  this  Section  was  held  on  Saturday, 
October  24th,  at  8.00  p.m.,  in  Jule's  Restaurant,  315  Pine  Street, 
San  Francisco,  and  the  paper  of  the  evening  was  by  Professor 
E.  C.  Franklin,  of  Stanford  University,  on  **  The  Velocity  of 
Ions  in  Liquid  Ammonia  Solutions." 

Harry  Bast  Mili.br«  Sterttmry. 


NOTICE. 


In  sending  the  ballots  for  nominations  it  should  have  been 
stated  that  the  provision  of  the  Constitution,  which  states  that 
the  President  and  Councilors  shall  be  ineligible  to  election  for  a 
third  consecutive  term,  excludes  Messrs.  F.  A.  Gooch  and  H.  L. 
Wells  from  re-election.  Members  who  may  have  voted  for  one 
or  both  of  these  candidates  may  still  send  other  names.*  All 
ballots  must  reach  the  Secretary  by  November  19th. 


iBpued  with  December  Number,  1903. 

Proceedings. 

COUNCIL. 

MEMBERS  ELECTED  BETWEEN  OCTOBER  22  AND  NOVEMBER  19. 

AUingham,  John,  care  of  L.  C.  Howell,  Box  1026,  Johannes- 
burg, So.  Africa. 

Bailey,  Herbert  S.,  440  W.  15th  St.,  Kansas  City,  Mo. 

Baillio,  Gervais,  care  of  Castner  Elec.  Alk.  Co.,  Niagara  Falls, 
N.Y. 

Beardwood,  Matthew,  569  Jamestown  Ave.,  Roxboro,  Phila- 
delphia, Pa. 

Berg,  William  W.,  335  E.  88th  St.,  N.  Y.  City. 

Blackman,  Milton  J.,  1248  Devisadero  St.,  San  Francisco,  Cal. 

Boles,  M.  M.,  Columbia  Univ.,  N.  Y.  City. 

Brown,  J.  Howard,  138  Sandusky  St.,  Jacksonville,  111. 

Brubaker,  Howard  W.,  Room  15,  House  P.,  U.  of  Pa.  Dor- 
mitories, Philadelphia,  Pa. 

Chamberlin,  George  M.,  Jr.,  2136  Sixth  St.,  Bay  City,  Midi. 

Coblentz,  Lambert,  122  Brbderick  St.,  San  Francisco,  Cal. 

Craine,  Charles  R.,  42  Pooley  Place,  Buffalo,  N.  Y. 

Dempwolf,  Charles  H.,  Jr.,  York,  Pa. 

Dimpfel,  G.  W.,  P.  O.  Box  98,  Scranton,  Pa. 

Duncan,  William  Wheeler,  406  Massachusetts  Ave.,  Boston, 
Mass. 

Ebersole,  Morris  R.,  222  Lake  St.,  Chicago,  111. 

Eckstein,  Oskar,  Tufts  College,  Mass. 

Filers,  Heye  E.,  Room  26,  Chrampton  Hall,  Jacksonville,  111. 

Emerson,  Herbert  W.,  Univ.  of  Kans.,  Lawrence,  Kans. 

Formico,  Otto,  436  W.  45th  St.,  N.  Y.  City. 

Haddock,  Isaac  T.,  Tiverton,  R.  I. 

Hahn,  Albert  W.,  245  W.  130th  St.,  N  Y.  City. 

Hanson,  Herman  H.,  Orono,  Me. 

Henry,  David  Hill,  Clemson  Coll^;e,  S.  C. 

Hoffman,  Alfred,  217  Hewes  St.,  Brooklyn,  N.  Y. 

Hutchins,  E.  B.,  Madison,  Wis. 

Joyce>  Clarence  M.,  care  of  Arlington  Co.,  Arlington,  N.  J. 

Lowe,  Charles  Otho,  261  Clerk  St.,  Jersey  City,  N.  J. 

Merrihew,  L.  H.,  74  W.  Main  St.,  Chicago  Heights,  111. 
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Neugass,  Solomon,  257  W.  1326  St.,  N.  Y.  City. 
Philbrick,  (Miss)  Annie,  Wellesley  College,  Wellesley, 
Pinkerton,  Thos.  C,  Beacon  Chambers,  Boston,  Mass. 
Pulsifer,  H.  B.,  Durham,  N.  H. 

Schaller,  Waldemar  T.,  U.  S.  Geol.  Survey,  Washington,  D.  C 
Schwarz,  Herbert  F.,  290  E.  Merrimack  St.,  Lowdl,  Mass. 
Scudder,  Harold  H.,  Durham,  N.  H. 
Smith,  Melvin  M.,  Dover,  N.  H. 

Smith,  Ralph  Ogden,  Univ.  of  Pa.  Dormitories,  Philaddphia, 
Pa. 
Stillwell,  Albert  G.,  36  Gold  St,  N.  Y.  City. 
Taylor,  Jackson  Brooks,  Newburgh,  N.  Y. 
Twitmyer,  Joseph  C,  care  of  Larkin  Soap  Co.,  Buffalo,  N.  Y. 
Wallbridge,  William  K..  29  E.  22d  St.,  N.  Y.  City. 
Wemple,  Leland  E.,  1260  W.  Collie  Ave.,  Jacksonville,  DL 
White,  Frederick  S.,  70  Pierrepont  St.,  Brooklyn,  N.  Y. 
Woodley,  George  F.,  37  Norfolk  Ave.,  Roxbury,  Mass. 

CHANGES  OF  ADDRISSS. 

Abbott,  Francis  L.,  Donora,  Pa. 

Acree,  S.  F.,  Kurfurster  Strasse  48,  Berlin,  Germany. 

Allen,  Chas  R.,  New  Bedford,  Mass. 

Arnold,  L.  L.,  5527  Columbo  St.,  Pittsburg,  Pa. 

Baxter,  Wm.  T.,  Eastern  Laboratory,  P.  O.  Box  257,  Chester, 
Pa. 

Beck,  Oscar  C,  care  of  Henry  R.  Worthington,  Elizabeth- 
port,  N.  J. 

Berry,  G.  M.,  814  Franklin  St.,  Edgcwood  Park,  Pa. 

Berkeley,  W.  N.,  Box  466,  San  Juan,  Puerto  Rico. 

Bowey,  J.,  Jr.,  Coroopolis,  Pa. 

Cady,  W.  B.,  care  of  Peninsular  Portland  Cement  Co.,  Cement 
City,  Mich. 

Clark,  Friend  E.,  Pennsylvania  State  CoU^pe,  State  College,  Pa. 

Clevenger,  G.  H.,  Rapid  City,  S.  D. 

Colby,  Albert  Ladd,  care  of  International  Nickel  Co.,  43  Ex- 
change Place,  N.  Y.  City. 

CoUey,  B.  T.,  care  of  Am.  S.  &  R.  Co.,  Aguas  Calientes,  Mex. 

Dickie,  Albert  E.,  N.  J.  Military  Academy,  Frediold,  N.  J. 

Ebaugh,  Clarence  W.,  1 105  E.  2  South  St.,  Salt  Lake  City,  Utah. 
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Falk,  Kaufman  G.,  Gailerstrasse  14,  Strasburg  i/Els.,  Germany. 

Fisher,  Fred.,  Marlboro,  Mich. 

Foster,  J.  Preston,  Central  Tinguaro,  Perico,  Cuba. 

Fraunfelder,  L.  D.,  231  Cattell  St.,  Easton,  Pa. 

Grosse,  S.  P.,  Ferro  Carrill  Mexicana  Central,  Tdoloapan, 
Guerrero,  Mexico. 

Haff,  Max  M.,  77  Gloucester  St.,  Ottawa,  Canada. 

Haas,  Herbert,  Supt.  Reduct.  Wks.  Great  Western  Gold  Co., 
Redding,  Cal. 

Hanson,  Martin,  438  W.  Huron  St.,  Chicago,  111. 

Holm,  M.  L.,  care  of  N.  W.  Univ.  Med.  School,  2421  Dear- 
bom  St.,  Chicago,  111. 

Kennedy,  Mortimer  B.,  556  State  St.,  Ann  Arbor,  Mich. 

Landis,  W.  S.,  211  S.  New  St.,  Bethlehem,  Pa. 

Langmuir,  Irving,  Weender  Ch.,  5,  Gottingen,  Germany. 

Law,  Leroy  M.,.  629  8th  St.,  N.  E.,  Washington,  D.  C. 

Lee,  Waldemar,  4620  Wayne  St.,  Philadelphia,  Pa. 

Loeb,  Morris,  273  Madison  Ave.,  N.  Y.  City. 

Lyon,  A.  C,  404  Matthews  St.,  Columbia,  Mo. 

Madison,  Herbert  F.,  Leetonia,  O. 

Mather,  Stephen  A.,  Lakeside,  111. 

Miller,  Stephen  C,  22  N.  Y.  Ave.,  N.  E.,  Washington,  D.  C. 

MuUer,  Robt.,  Rush,  Tex. 

Murray,  C.  B.,  care  of  St.  Louis  Plate  Glass  Co.,  Valley  Park, 
Mo. 

Nelson,  John  M.,  Rose  Polytechnic  Institute,  Terre  Haute,  Ind. 

Nish,  John  C,  159  Pearl  St.,  Boston,  Mass. 

Parmelee,  H.  C,  1755  Arapahoe  St.,  Denver,  Colo. 

Perry,  Chas.  M.,  4  Catalpa  Road,  Providence,  R.  I. 

Petraeus,  Carl  V.,  St.  Louis  Smelting  and  Ref.  Co.,  St.  Louis, 
Mo. 

Philipp,  Herbert,  92  Gordon  St.,  Perth  Amboy,  N.  J. 

Pickering,  O.  W.,  20  Lennox  St.,  Springfield,  Mass. 

Pond,  F.  J.,  86  Valley  Road,  Montclair,  N.  J. 

Powers,  Irwin  La  Verne,  9  Hanover  St.,  Ljmn,  Mass. 

Ross,  Samuel,  Chem.  Lab.,  Cudahy  Pack.  Co.,  So.  Omaha,  Neb. 

Scherubel,  E.  F.,  686  57th  St.,  Hyde  Park,  Chicago,  111. 

Schoonmaker,  H.,  734  W.  9th  St.,  Cincinnati,  O. 

Schuyler,  Erwin,  909  W.  8th  St.,  Erie,  Erie  Co.,  Pa. 

Sellers,  J.  F.,  Macon,  Ga. 
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Sharwood,  W.  J.,  21 19  Durans  Ave.,  Berkeley,  Cal. 
Starke,  Eric  A.,  2655  Dwight  Way,  Berkeley,  Cal. 
Taylor,  M.  A.,  Leetonia,  O. 

Thompson,  Firman,  Sugar  Expt.  Sta.,  Honolulu,  Hawaii. 
Thurlow,  Nathaniel,  226  E.  Frederick  St.,  Lancaster,  Pa. 
Tibbals,  C.  A.,  Jr.,  604  Francis  St.,  Madison,  Wis. 
Torrey,  Henry  A.,  Boylston  Hall,  Cambridge,  Mass. 
Turrentine,  J.  W.,  Lafayette  College,  Easton,  Pa. 
Walker,  Percy  H.,  P.  O.  Box  231,  Scranton,  Pa. 
Wallenstein,  Florian,  Berlin  S.  O.,  Rungestr  20. 
Warville,  Francis  G.,  5711  Madison  Ave.,  Hyde  Park,  Chicago^ 
111. 
Weed,  Henry  T.,  408  Third  St.,  Brooklyn,  N.  Y. 
Welt,  Ida,  73  W.  83d  St.,  N.  Y.  City. 
White,  Alfred  H.,  1017  Hill  St.,  Ann  Arbor,  Mich. 
Wolcott,  Clifford  H.,  602  Van  Buren  St.,  Chicago,  111. 
Woods,  Fred  L.,  113  N.  Ingallo  St.,  Ann  Arbor,  Mich. 
Worden,  Edward  C,  Clark  Thread  Co.,  Newark,  N.  J. 

ADDRESSES  WANTED. 

Breed,  Charles  H.,  formerly  U.  S.  Steel  Co.,  W.  Everett,  Mass. 

Browne,  Lyman  M.,  formerly  120  Huntington  Ave.,  Boston, 
Mass. 

Coover,  Winifred  F.,  formerly  1456  Hunter  St.,  Columbus,  O. 

Du  Pont,  Francis  G.,  formerly  Montchanin,  N.  J. 

Egloffstdn,  C.  M.,  formerly  58  Garden  St.,  Boston,  Mass. 

Franklin,  Arthur  I.,  formerly  Pullman,  Chicago,  111. 

Hovey,  Will  C,  formerly  145  La  Salie  St.,  Chicago,  111. 

Johnston,  Oscar  P.,  formerly  123  Linn  St.,  Ithaca,  N.  Y. 

Phillips,  W.  D.,  formerly  128  Pearl  St.,  N.  Y.  City. 

Ryland,  Garnet,  formerly  Georgetown  College,  Washington, 
D.  C. 

Sweeton,  (Miss)  Agnes  G.,  formerly  Sage  Hall,  Ithaca,  N.  Y. 

Thompson,  Howard  J.,  formerly  372  Atlantic  Ave.,  Bostoo, 
Mass. 

Turner,  B.  B.,  formerly,  103  Linn  St.,  Ithaca,  N.  Y. 

Umer,  Frank  A.,  formerly  221  Eddy  St.,  Ithaca,  N.  Y. 
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DECEASED  MEMBER. 

Dr.  Henry  Carrington  Bolton,  of  Washington,.  D.  C,  member 
of  the  Society  since  1891,  died  November  19,  1903. 

HHHiHIHI 
CONGRESS  OF  ARTS  AND  SCIENCE. 

Professor  Simon  Newcomb,  chairman  of  the  Organizing  Com- 
mittee for  the  Congress  of  Arts  and  Science  at  St  Louis,  has 
requested  the  Council  to  suggest  names  of  the  most  eligible 
chemists  for  the  places  of  chairmen,  secretaries  and  speakers  in 
the  department  of  chemistry,  and  its  four  sections.  It  is  intended 
that  two  addresses  shall  pertain  to  the  whole  department  of 
chemistry,  the  one  reviewing  its  progress  during  the  last  century, 
and  the  other  setting  forth  its  fundamental  conceptions  and 
methods.  In  each  of  fhe  four  sections,  two  addresses  are  ex- 
pected. One  of  these  will  be  given  by  the  following  foreign 
chemists:  Professor  Mendeleef,  Fittig,  van't  Hoflf  and  Kossel, 
of  whom  all  except  Professor  MendeleeflF  have  given  their  ac- 
ceptance. Pour  American  speakers  in  these  same  fields  are  de- 
sired. In  each  of  the  four  sections  one  address  is  expected  on 
the  relations  of  the  particular  secticm  to  the  other  sciences,  and 
the  other  on  the  problems  of  to-day. 

In  accordance  with  this  request,  it  has  been  moved  that  Presi- 
dent Long  be  directed  to  suggest  names  to  Professor  Newcomb 
on  the  basis  of  a  vote  by  the  Council,  nominating  chemists  for 
the  positions  in  question. 

MEETINGS  OF  THE  SECTIONS. 

CORNELL  SECTION. 

The  November  meeting  of  the  Section  was  held  in  Morse 
Hall  on  Tuesday  evening,  November  3d.  The  Section  was 
addressed  by  Professor  G.  W.  Cavanaugh  on  "Some  Applica- 
tions of  Chemistry  in  Modem  Agriculture."  Mr.  I.  Baum  re- 
ported on  his  investigations  of  electrolytic  copper  refining. 

W.  C.  Gber,  Secretary. 
CINCINNATI  SECTION. 

The  104th  r^;ular  meeting  of  the  Section  was  held  at  the  Ohio 
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Mechanics   Institute,  Sixth  and  Vine  Sts.,  Wednesday,  Novcna- 
ber  i8th,  at  8  o'clock  p.m. 

The  following  topics  for  discussion  were  presented:  "The 
Assay  of  Tobacco  and  Nicotine-Solutions,"  by  S.  Waldbott.  Re- 
views, by  H.  E.  Newman  and  O.  W.  Martin. 

J.  p.  8NBI.X.,  Stcrelmty.' 
NEBRASKA   SECTION. 

The  33d  regular  meeting  of  the  Nebraska  Section  was  held  in 
the  Chemical  Laboratory  of  the  University  of  Nebraska,  Saturday, 
November  14th.  Program:  "The  Rare  Earths  and  the  Methods 
of  Their  Separation,"  by  Dr.  Benton  Dales. 

Bbntok  Dalbs,  AcHng  Secrdawy. 
WASHINGTON  SECTION. 

The  145th  regular  meeting  was  held  Thursday,  November  I2tfa, 
in  the  Assembly  Hall  of  the  Comos  Club,  1520  H  St.,  N.  W. 

Program:  '^European  Notes,"  by  Prof.  F.  W.  Clarke;  "Solu- 
bility of  Calcium  Sulphate  in  Dilute  Sulphuric  Acid,"  by  Prank 
K.  Cameron  and  J.  F.  Breazeale.  ^  s«d«i.l,  secr^ry^  um. 

PITTSBURG  SECTION. 

The  regular  monthly  meeting  was  held  with  the  Chemical  Sec- 
tion of  the  Engineers*  Society  of  Western  Pennsylvania,  at  410 
Penn  Ave.,  Thursday  evening,  November  19th. 

Papers  were  presented  by  Mr.  Harry  E.  Mali,  on  "The  Jellies 
of  Pittsburg,"  and  by  Mr.  J.  O.  Handy,  on  "The  Chemistry  of 
Water  Purification."  ^^  p  ^^^^^  sea^ta^. 


